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ABSTRACT 
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1 have been enamored of the micro- 
computer since the days (ancient his- 
tory!) of the Osborne 1, my lirst micro. 
The microcomputer gradually became 
the indlspensible tool for my research 
and teaching in plant physiology. I 
used the old ozzie (I called it "Porky" 
in honor of its oinky-sounding disk 
drives) for obvious things like writing 
up lecture notes for class distribution, 
class handouts, and for keeping grades. 
I started to write tutorials ( not very ef- 
fective on Porky) and to dream about 
hooking up Porkj' to lab equipment, but 
then came the IBM-PC: goodbye 
CP/M, hello color. 



Microcomputers clearly promise to 
make instruction in beginning and ad- 
vanced plant physiology courses more 
effective and more stimulating to stu- 
dents. All that is needed is the equip- 
ment, the time to get it all together and 
to write programs, and a • >t of imagi- 
nation - a mighty tall order. A NSF 
grant to a group of several members of 
our department, including me, made it 
possible for me to make a start. I now 
had an XT with a 10 Mb hard disk per- 
manently available in the teaching lab, 
plus 1 to 3 others that I could borrow, 
along with an A/D board and a digitiz- 
ing tablet. Time to quit dreaming and 
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get started. 

Since we began, the beginning one- 
quarter course in plant physiology has 
been given twice. The following sec- 
tions describe the major modifications 
made in the course to utilize micro- 
computers. 

LABORATORY DATA ACQUISITION 
AND ANALYSIS 

I modified four laboratory exercises to 
utilize microcomputers for data acqui- 
sition (via either the serial port or an 
internal A/D board) and data analysis. 
I also wrote simple user interfaces in 
BASIC. The foiu* laboratories dealt 
with transpiration, leaf temperatures, 
CO2 uptake in photosynthesis and 
measuring pH changes in chloroplast 
suspension. 

Transpiration 

In an exercise that I have used for sev- 
eral years, students measure the rate of 
transpiration of 2-wcck-oId bean seed- 
lings enn-^'oying a weighing method. 
Data are collected on the effects of an 
anti-transpirant chemical and on the 
effects of light versus darkness. The 
plants that are used have two expanded 
leaves and are growing in a small poL 
The total weight of each potted plant is 
less than 100 g (this is important be- 
cause of the limited capacity of the top- 
loading mg balance that is used). 
Prior to taking transpiration rate mea- 
surements, the pots are sealed with tape 
to prevent water loss from the soil, and 
any growth above the two expanded 
leaves is severed. Thus, essentially all 
water loss is through the two leaves. 
The students determine the transpira- 
tion rate in units of mmol water lost per 
m^ of leaf area per second. 

In previous years, leaf area was deter- 
mined by weighing cut-out paper leaf 
tracings that were then compared to the 
weight of 0.01 m^piece of the same 
paper. The rate of water loss was de- 
termined from weight measurements 
made at the beginning and end of a 30 
minute period- 

Because of the time necesary for stu- 
dents to gain an accurate understanding 
of the written instructions once in the 
lab setting, and for actually carrying 
out the required steps of the experi- 
ment, it was necessary in the past to 



assign different treatments to different 
student teams. Each team posted its 
results on a blackboard at the end of 
the period, and at the next lab period, 
all students copied all data and pre- 
pared a report 

I realized that using microcomputers 
could improve the efficiency of this 
exercise in several ways. Data collec- 
tion and computations could be sub- 
staiitially automated, prompts from the 
computer could keep the students on 
track, and final data reports could be 
accurately prepared. Summary and 
interpretation of data, done outside of 
the lab period, would still be the stu- 
dent's responsibility. With the in- 
creased efficiency, I found that each 
team could collect a set of data on alt 
variables. Class data were still com- 
bined for statistical analysis. The latest 
implementation of this exercise utiliz- 
ing microcomputers is outlined below. 

Equipment. Two Stations were set up, 
each \ Mth an IBM PC (with color mon- 
itor and one floppy disk drive), a print- 
er, and a top-loading mg balance con- 
nected to the PC via the serial port. A 
large cardboard wind deflector was 
placed around the balance so that air 
currents would not influence plant 
weight measurement. 

For light conditions, three high inten- 
sity lamps were set up under which 
plants were placed when not being 
weighed. A small side room was used 
for dark conditions. 

A digitizing tablet, attached to an- 
other PC, was set up at another station. 
The students had learned how to use 
the digitizing tablet for measuring leaf 
area in a previous exercise. 

Software. 1 wrote a QuickBASIC pro- 
gram to prompt the students for data 
entry and to print data reports. This 
program ran continously on the com- 
puters at the weighing stations. Sigma- 
scan, a commercial software package 
for use with the digitizing tablet, was 
used for determining leaf areas in m^ 

Protocol Each team of 2 students used 
2 plants, one of which they treated with 
an anti-transpirant chemical. The area 
of the 2 leaves on each plant was deter- 
mined with the digitizer. After a per- 



iod of adaptation under the lamps, the 
plants were taken to a weighing station 
for the intitial check-in. In response to 
prompts from the computer, the team 
members entered their team number, 
names, leaf areas of their plants, and 
the name of the anti-transpirant they 
used. They were then instructed to 
place each plant, in turn, on the bal- 
ance. The computer recorded the 
weight from the balance and time from 
the computer's system clock. The pro- 
gram then stored the data in a disk file, 
using the students' team number and 
the day's date (read from the system 
clock) for the file name (for example, 
A50187.DAT, for team A5). The stu- 
dents then placed their two plants back 
under the lamps. 
After 10 to 15 minutes in the light 
following the first weighing, and when 
their weighing station computer was 
free, the team returned with the plants 
for a second weighing. The plants 
were next dark-adapted for a few min- 
utes, and then weighings were made at 
the beginning and end of 10-20 m'in- 
utes in the dark. During each session 
with the computer at their weighing 
station, the student team's file was 
opened and updated with the new 
weight and time data. 

After making the final weighing, the 
team requested a report of the results 
from the weighing station computer. 
The report included all the data they 
had entered (names, leaf areas, and leaf 
resistances that they measured with a 
Li-Cor autoporometer) and the calcula- 
ted transpiration rates of each plant in 
light and dark, based on weight, time, 
and leaf area data. A report of all class 
data was subsequently prepared (it in- 
cluded a statistical analysis of Jhe data) 
and given to each student 

Results. The iise of microcomputers 
enabled this lab e.xecise to run more 
smoothly than in previous years, and 
each team obtained more data. The 
students were impressed with the capa- 
bilities of the computer and appeared to 
take the exercise more seriously than in 
the past. 

Leaf temperatures 

I have run a demonstration exercise 
on the effects of radiation, wind speed, 
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and other factors on leaf temperature. 
One small thermocouple is pressed 
against the lower surface of a leaf, 
while another shielded thermocouple is 
used for air temperature. In the past, 
readings from both thermocouples 
were recorded on a two-pen chart re- 
corder. I decided to use the micro- 
computer for this exercise. 

An IBM PC with a Metra-Byte A/D 
board (model Dash-8/Exp-16) was 
used in place of the chart recorder. 
Thermocouples were auached directly 
to the Exp-16. 

In the first implementation of the 
computerized version of this exercise, I 
used Labtcch-Notebook Software. For 
the second, I wrote a BASICA pro- 
gram, that was easier to use and set up. 
In each case, a run-time graph of tem- 
peratures was displayed on the com- 
puter screen. 

Leaf and air temperatures were re- 
corded under various conditions of 
radiation and wind and saved in an 
ASCII file. A screen dump of the com- 
puter screen on-line graph, or a graph 
produced after the data was imported 
into Lotus 1-2-3, was given to each stu- 
dent for inclusion in his or her report 
on the demonstration. Graphing the 
data on the screen using Lotus provid- 
ed an "instant replay*' of the tempera- 
ture records. 

The data was easier for the assem- 
bled class to see from the computer 
screen display than from the chart re- 
corder used in the pasL The ability to 
re-run a graph of the temperature ver- 
sus time data using Lotus made review- 
ing the results more dynamic. Further- 
more, setting up the demonstration is 
easier using the computer than using 
the chart recorder. 

Photosynthesis - CO^ uptake 
For several years, I have used an exer- 
cise in which students make measure- 
ments of the rate of photosynthesis 
using an infra-red gas analyzer and the 
COj depletion method. Briefly, a leaf 
is placed in a small plastic box under 
lights. A 10 ml sample of gas is ex- 
tracted from the box with a syringe, 
and, after 1 to 4 minutes, another gas 
sample is extracted. The gas samples 
are injected into CO^-free air passing 
through the sample port of the infra-red 



gas analyzer. The CO^ content of each 
sample is determined, and the differ- 
ence between the two calculated. 
Based on the volume of the box, the 
change in CO^ content, the area of the 
leaf, and the elapsed time between 
sample extractions, the photosynthesis 
rate can be calculated in micromols of 
COj taken up per m^ per second. 

I modified the exercise to include data 
acquisition by a microcomputer. In the 
past, students took data from a chart re- 
corder tracing, a process that was time 
consuming, prone to error, and required 
a calibration and conversion from chart 
paper units to ppm CO^. Use of the 
microcomputer promised to eliminate 
these problems. I did decide, however, 
to leave final calculation of photosyn- 
thesis rates up to the students. In the 
future, I will provide a program that 
v/ill allow students to confirm their cal- 
culations, but still not do it for them! 

The infra-red gas analyzer was cou- 
nted to a Metra-byte A/D board 
(model Dash-8/Exp 16) on an IBM PC. 
COj-free air flowed through both the 
sample and reference ports of the infra- 
red gas analyzer. Students injected 10 
ml samples of air into the air flowing 
into the sample port. 

A digitizing tablet auached to another 
microcomputer was also set out. This 
was used for leaf area determination 
(as noted above, the students had 
learned to use it in earlier exercises). 

I wrote a BASICA program that used 
a simple user interface to accept data, 
carry out calibration calculations, and 
determine the CO^content of samples. 

One or more students were enlisted to 
inject calibration gases for the calibra- 
tion procedure. Each student team was 
then instructed to obtain a sample of 
outdoor air for CO^ content determina- 
tion. (I had them do this mainly to help 
reinforce classroom discussions of the 
COj greenhouse effect, and implica- 
tions for plants in the future. We're 
keeping a year to year database of the 
results.) Each team then obtained CO^ 
measurements for photosynthesis deter- 
minations at 2 or 3 different light inten- 
sities. Finally, the CO^ compensation 
point of a particular species was deter- 
mined by each team. 

Use of the A/D board and the micro- 
computer gave suidents the CO^ con- 



centration immediately after sample 
gas injection, helping to maintain their 
interest. 

Photosynthesis - pH change in 
chloH/pIast suspensions 
As part of an exercise on the light rcac- 
dons of photosynthesis using suspen- 
sions of isolated chloroplasts, I conduct 
a demonstration on change of the bath- 
ing solution pH upon illumination (an 
apparent result of proton uptake into 
the chloroplast thylakoids). In the past, 
I used a chart recorder attached to a 
sensitive pH meter to record changes in 
pH. I have now switched to using a 
microcomputer and an A/D board in 
place of the chart recorder. The bene- 
fits of using the microcomputer in this 
exercise are similar to those mentioned 
above in the case of the exercise on 
leaf temperatures. 

LAB DATABASES 

For several of the lab exercises used 
in this course, I ask the students to 
gather and analyze all of the data ob- 
tained by the whole class. In some 
cases, this is so that class averages, 
rather than just one data set, may be 
used for drawing conclusions. For ex- 
ample, in the case of the effect of auxin 
on the number of adventitious roots 
formed on cuttings, there is consider- 
able variation from student team to stu- 
dent team. In other cases, this is done 
to expand the number of species sam- 
pled. For example, in determinations 
of the frequency (number per area) of 
stomates on leaf surfaces, different 
teams are asked to make counts on 
different species. 

In the past, I had the students post 
their team's data on the board, and 
when all data have been posted, all 
class members were asked to copy all 
of the data for use in preparing reports. 

I now use Lotus 1-2-3 custom work- 
sheets for this purpose. Student teams 
enter their data, and when all class data 
has been entered, eacii student has the 
computer print a summary. Lotus mac- 
ros were used to make friendlier user 
interfaces for the worksheets. I will ac- 
cumulate data iiom year to year for 
certain databases, for example, the 
stomate frequency versus plan species 
database. 
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TUTORIALS 

I have written five B ASICA microcom- 
puter turtorials to go with this course.. 
They are available on the hard disk of 
the plant physiology lab PC and also in 
the computer lab at the University's 
library. Students may also copy these 
onto their own personal disks, if they 
desire. 

1 plan to write additional tutorials in 
the future as time allows using BASIC 
or other formats such as Show Partner. 
The latter promises to make tutorial 
writing a much easier and more re- 
warding task, although I have just be- 
gun to explore its use. 

The five tutorials include the fol- 
lowing. 

• Hangperson, a word game designed 
to foster familiarity with plant 
physiology terminology. 

• Transpiration Rate Tutorial, based 
on mathematical models of plant 
transpiration, allows students to 
enter various parameters (such as 
wind speed, air humidity, and leaf 
resistance) to see how they would 
affect the transpiration rate. 

• Spectrum, a tutorial to familiarize 
students with the spectrum of visible 
light, providing drill in equating 
colors with corresponding wave- 
length ranges. 

• Hit the Reaction Center, a graphics 
representation of j^oton capture, 
energy transfer, and flourescence in 
the light reactions of photosynthesis. 

• The Calvin Cycle, a tutorial de- 
signed to give the student a famil- 
iarity with the ovaall process of 
carbon dioxide fixation in photo- 
synthesis and to gain familiarity 
with the major intermediate sub- 
stances involved 

ADVANCED PLANT PHYSIOLOGY 
I used our microcomputers extensively 
during the most recent offering of my 
one quarter course called Advanced 
Plant Physiology. The students, who 
are generally well motivated, are ex- 
pected to carry out more involved lab 
projects with less direction than is the 
case in the beginning course. I decided 
to have the students use Lotus 1-2-3 
extensively for data handling and 
graphing, as I have found it very useful 



for these purposes in my research. 

I introduced the students to this 
spreadsheet software during the first 
week. I taught them the rudiments of 
data entry and graphing and encour- 
aged them to study the software man- 
ual to increase their expertise in using 
the package. In the various exercises 
they performed in subsequent weeks, 
they became adept at using Lotus 1-2-3 
for data handling and analysis and for 
preparing tables of data and graphs for 
their reports. Of course, the students 
learned how to use the Metra-Byte A/D 
board and the digitizing tablet for use 
in their lab investigations (I do all the 
sciting-up in the beginning course). 

CONCLUSIONS 

Although the full potential for using 
microcomputers in plant physiology 
courses is far from being realized, the 
experiences described above have con- 
vinced me of the value of micros. In 
evaluating the course, students often 
mention, in a positive way, their ex- 
perience with one or another of the 
computer applications, and they say 
they would have liked more. With 
time and the acquisition of additional 
equipment, the courses will surely be 
made more stimulating learning experi- 
ences through the use of microcomput- 
ers. I want to write more tutorials, 
especially interactive ones. The soft- 
ware tools that are available for pro- 
grammers of limited sophistication 
Oike me) are certainly adequate [<y 
writing valuable, graphics-based tuto- 
rials. It just takes a lot of patience and 
imagination. I also want to extend the 
number of lab exercises using micros 
for data collection and analysis. Their 
use should illustrate how things are 
done in the real world, as well as be 
instructional. I would like the students 
to be more independent in using the 
micros in the lab (a lot of hand-holding 
has been necessary so far). At some 
point in the future, I will require that 
each student provide a floppy disk on 
which to store a set of programs and 
lab data. 

To anyone teaching courses like this 
who hasn't yet gotten into the worid of 
microcomputers, I would heartily rec- 
ommend that you do so. It will bring a 
new sparic to your enjoyment of teach- 



ing (although expect some periods of 
frustration!), and it will surely enhance 
the educational experiences of your 
students. I assure you that the possibil- 
ities are so numerous that you will 
never, in a dozen careers, run out of 
new things to try in the quest for the 
be^t ways of getting your educational 
messages across. 

The tutorials described are available free to 
anyone who might like to try them. They 
were written in B ASICA for a CGA card 
andareGW-BASICcompaUble. Please 
send a stamped, self-addressed mailer and a 
blank 5 1/4" disk to: Larry Blakely, Biolog- 
ical Sciences Dept. California State Poly- 
technic University, Pomona, CA 91768. 
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In the past, simulations have been 
widely heralded as powerful learning 
vehicles. A large number of such mod- 
els have been created. A common 
property of these models is interaction 
among a large number of system prop- 
erties producing a range of responses in 
system variables. Instructors using 
these simulations have used a varietj' 
of strategies, ranging from non-directed 
suggeiitions that students "play" to pre- 
scribed "experiments" with specified 
data recording, reporting, and analysis. 
Presumably, those teachers used simu- 
lations because they felt models would 
help students develop an appreciation 
for system interactions, compensations, 
and limits of function. The success of 
that supposition remains largely con- 
jecture. As a modeler, I know that 
"playing" with a model develops my 
"feel" for it, but does the average stu- 
dent play as systematically? 

The goal in giving students simula- 
tions is for them to build a framework 
for integrating system interactions. To 
achieve this, the learner must focus on 
predicting model behavior, not watch- 
ing passively. One very successful 
way to use a simulation is in small 
group discussions where the teacher 
asks, "If I increase this parameter, can 
you predict what will happen to that 
variable? How much? Why?" This is 
cause to effect reasoning. Certainly, it 
represents the type of mental dialog we 
hold with ourselves when exploring a 
system. Prediction requires more effort 
and sophistication than watching, and 
students are less prone to adopt it. 
Consequently, most students truly play 
with simulations rather than study the 
operation predictively. 

Previously, we reported a study of 
veterinary medical students in which, 
after a "traditional" lecture and wet lab 
unit on the cardiovascular system, they 
still held slropgly anatomic views of 



the cardiovascular system.^'* Subse- 
quently we asked them to solve a series 
of "diagnosdc" problems. These prob- 
lems were cast as games in which one 
cardiovascular property from a list of 8 
was disturbed randomly either up or 
down. After playing 50 faults, we reas- 
sessed their perceptions of the system. 
Their views had developed a new func- 
tional dimension, and that new dimen- 
sion had shifted in the direction of an 
expert's understanding. 

Our diagnosis game helped students 
pose questions that are the reciprocal of 
those described above. They were ask- 
ing, "If this variable has changed, 
which properties could explain it?" 
This is effect io cause reasoning. Our 
program is called the Fault Idendfica- 
tion Game. Like clinical experiences, 
the games reinforce both a functional 
understanding of the specific system 
and general problem-solving skills. 
This paper will show how new games 
can be written to compliment many 
other simulations. 

The data representations within the 
game are very general. Problems can 
be created for any system that can be 
described in terms of properties (maxi- 
mum 20), variables (maximum 20) and 
the interrelationships between them. 
We define "properties" as those entities 
that are independent variables, that is, 
external inputs to the simulation. Our 
"variables" are dependent values that 
arise from the interactions between 
properties. The game is designed to 
permit non-programmers to develop 
problem sets easily. Creating a prob- 
lem requires entering data about a sys- 
tem into a specified format, using ei- 
ther a text editor or a spreadsheet 
Required data are shown in Table 1. 

AN ISOLATED HEART EXAMPLE 
In the Isolated Heart preparauon of the 
author's cardiovascular Systems and 



Table 1. Data required to create a problem. 

For the problem: 

1. A short "presenting complaint" 

2. A short closing discussion 

For each property and variable: 

1. Name, abbreviation, and units 

2. An order describing where (and \T) each 
will be displayed 

For each property: 

1. A value 

2. The value's deviation from normal 
(+.-.0) 

For each variable: 

L A flag describing the variable as either 

quantitative or qualitative 
2. A deviation from normal (+,-,0), or 

qualitative description (eg, "missing", 

"open", "elevated") 



Dynamics (CVS AD) program ^ fou. 
properties determine the performance 
of the heart; preload, afterload, heart 
rate and left heart pump slate. If the 
values of these properties deviate from 
normal, the new state of the system 
will be reflected in values of its vari- 
ables: cardiac output, stroke volume, 
end systolic volume, end diastolic 
volume, average arterial pressure, and 
pi-ak arterial pressure. 

In this example, one or more of the 
properties was changed from normal. 
Some of the variables are abnormal, 
others show no change. In Figure 1, 
the player has lequesied values of 
arterial pressure, cardiac output, end 
diastolic volume and most recently, 
stroke volume. The game reports S V is 
22 ml and that this is normal (for a 
dog). Some i)Ossible faults can be 
eliminated and some are clearly sug- 
gested. At this point, the player begins 
to enter a tentative hypothesis, (Figure 
2, right). A hypothesis is recorded as a 



0742-32S3/88/$0.00+ zoo © 1988 BY NATtONAL RESOURCE FOR COMPUfERS IN LIFE SCIENCE EDUCATION 



ERLC 



COMPUTERS IN UFE SCIENCE EDUCATION. VOLUME 5. NUMBER 1. JANUARY 1988 



Cenewl Querg hta Fault ID Options 



uery Data 



.Lu AvEP. flpterial Pms. 
^ Peak Artepial Fres. 
-I Carjiac Cutpat 
J Peak Outflow 
^ End Diastolic Uolws 
^ Iiid SMitoiic IIgIum 

.a 



roke VoluHP. 



22.8 Nl 
OX 



aiilt idMtifjcation 



B Ppeload 

fl Heart Rate 

8 Left Heapt Fump Strength 

8 AftfPload 



FIGURE 1. Querying data from the Fault Identificalion Game. Possible data arc shown on 
the left Possible faults are shown on the right. 



setting (-,0,+) for each property. In this 
case, the diagnosis reads increased pre- 
load, decreased left heart strength, and 
others normal. 

When a diagnosis is entered, the com- 
puter can be asked to evaluate it. In 
this case, the answer is partly right, as 
shown in Figure 2, bottom. The re- 
sponse is reported as a Venn diagram 
showing fault(s) suspected (S for sus- 
pected) by the player and fauU(s) ac- 
tually contained in the problem (D for 
disturbed). Verbal confirmation is also 
provided. Correct answers show per- 



fect intersection of sets "S" and "D", 
partial answers show partial intersec- 
tion, and wrong answers show no in- 
tersection. In this case another aspect 
of cardiac failure remains to be 
diagnosed. 

AUTHORING A PROBLEM 
The previous example comes from a 
simulation developed by the authors. It 
is equally possible to create problems 
from other simulations. It is equally 
possible to create problems from other 
simulations. It is even possible to cre- 



ate aseful student problems from a 
model that is otherwise too complex 
for instructional purposes. The central 
task is phrasing the problem with only 
those properties and variables that are 
appropriate to the student's academic 
level. The following examples show 
the process of authoring a problem and 
some of the diversisty of material that 
can be encoded. 

The data for a problem are stored in a 
compacted file forniaL We have given 
these files DOS filename extensions 
.SDF, for System Data File. Problem 
authors need not concern themselves 
with the organization of SDF files, 
rather they may fill in textual forms in 
either wordprocessor (ASCII) or 
spreadsheet (DIP) formats. In each 
case, a utility program converts SDF 
files to and from the more familiar 
formats. We chose wordprocessors 
and spreadsheets as simple interfaces 
faculty ah-eady have experience using. 
Further, they provide a potential hard- 
ware independent link for u^sferring 
faults from one computer to another 
because the SDF format is machine 
dependent 

Encoding a clinical example with a 
wordprocessor 

Jii Pulmonary Pathophysiology, West^ 
describes clinical observations for a 
variety of respiratory diseases. A fault 
problem can be written, from his 
description of restrictive disease 
(Chapter 5), 

"Spirometry typically reveals a re- 
suictive pattern. The VC [Vital Capac- 
ity] is markedly reduced, but the gas is 
exhaled so rapidly that although the 
FEV, Q [Forced Expiratory Volume in 
1 second] is low, the FEV/FVC% 
[Forced Vital Capacity] may exceed the 
normal value. The square shape of the 
forced expiratory spirogram is in 
suiking contrast to tlie obstructive 
pattern. The MMFR [Maximum Mid- 
Expiratory Flow Rate] is normal or 
high. The flow volume curve does not 
show the scooped out shape of obstruc- 
tive disease, and the flow rate is often 
higher than normal when related to 
absolute lung volume."^ 

"The arterial Po^ and Pco^ are typi- 
cally reduced and the pH is normal. 



General Query Data Fault ID Options liB;i7}(ili<!r3aa 














J Aver, flpterial Pws. 
J Peak Artepial Fres. 
4 Cardiac Output 
J Peak Cutflov 
J End Siastolio Volume 
jind Systolic VoIum 
i Stroke Volume 


, ♦ Preload 
8 Heart Rate 
- Left Heart Fujip Strength 
8 Afterload 
















© 

mim SET:(IIL correct 
DISIURBD m\m Hissing 





FIGURE 2. Checking a diagnosis. The diagnosis is entered at the top left as high preload, 
low heart strength, others normal. The computer says the answer is partly correct, but 
somelhing(s) is still missing. 
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Table 2. Data extracted from problem in West's Pulmonary Pathophysiology 



Variable name 


Value 


Units 


% from normal 


Forced Vital Capacity 


2.9800 


liters 


-38 


Forced Exp Vol - 1 Sec 


2.8800 


liters 


-30 


FEVj^VC 


0.9700 


unitless 


13 


Max Midexpiratory Flow 


4.7600 


1/scc 


6 


Peak Expir Flow 


5.0000 


1/scc 


.50 



The hypoxemia is usually mild at rest 
until the disease is advanced. How- 
ever, on exercise the Po^ often falls 
dramatically and cyanosis may be 
evident."^ 

The data in Table 2 were extracted 
from this description. These consti- 
tute the variables for the problem. 
The "faults" can be encoded in one of 
two ways. One set would focus on 
the clinicai description such as re- 
strictive disease or obstructive dis- 
ease. Alternately, the fault could be 
encoded in terms of defects in func- 
tional entities such as lung compli- 
ance and airway resistance. 

Note that not all the diagnostic in- 
Table 3. Encoding properties and 
variables in a wordprocessor 

l«variable l»l 

Forced Vita! Capacity l<name>I 
FVCkabbr>l 

Ikactive var?>l I^yes, make active in this 
game 

ll<index>l place data in cell I of 
display 

-381<dev>l 
!itersl<units>l 

Okbinary var?l 0=no, its not binary data 
Ikdisplay value?>l I=:yes, display data in 
the problem 

2.9800I<value>I 

k<propcrty l»l 

Compliancel<namol 

CompIkabbr>l 

Ikactive prop?>l I=yes, show it in this 
game 

lkindex>l place this fault in 

display position I 

-ll<qnal value>I this property is below 
normal 

Okbinary prop?>l 0=no, its not binary 
O.OOOOI<value>l actual value is unknown 
from West's text, but it 
won't be shown in that 
game, so its not 
necessary 



formation mentioned by West was used. 
The data selected are at the discretion of 
the problem's designer. However, 
adequate data must be present to distin- 
guish tiiis fault from others in the same 
problem set. 

Table 3 shows how the data from Table 
2 are entered into the wordprocessor 
template generated by the Fault Game's 
utility. One data item is entered to the 
left of the descriptions marked in single 
angle brackets. Double bracketed terms 
indicate a division within the data record 
and have no data associated with them. 
After entering all the data into this file, it 
is processed back into the compact SDF 
used by the game. 

Programming a model into a spreadsheet 
Periiaps the most powerful method of 
entering data is via a spreadsheet capable 
of writing DIP (Data Interchange 
Format) files. Most spreadsheet pro- 
grams have this capacity. In this ex- 
ample. Twin (Mosaic Software), a "work 
alike" of Lotus 1-2-3, was used. A file 
called FIGPLATE.WKS, provided with 
the game, is a blank template to be filled 
with author's data. The critical parts of 
the sheet are protected to prevent 
inadvertent corruption of the format. 

The equations for the model were 
entered into the bottom of the sheet. All 
the functions and indirect referencing 
features of the spreadsheet were used to 
relate the various properties and vari- 
ables. This master model can be saved 
to disk and reloaded. Faults are created 
by altering desired properties and letting 
the model in the spreadsheet recalculate 
the variables. Just a few key strokes are 
required to modify the sheet and save the 
data for a new problem. 

To augment a course in electronic trou- 
bleshooting, a circuit model was devel- 
oped using the schematic in Figure 3. 
Nine properties v;ere used: battery inter- 
nal impedance, capacitor (dc) imped- 
ance, resistors R-1, R-2 and R-3, diode 




TP3 



01=5.0 uolt Zener 
C1=I0 

MI=0-2 amps 



FIGURE 3. Circuit diagram for an electric 
circuit model that was developed in a 
spreadsheet and then had its data exported 
to FIG game datascts. 



impedance, Dl, battery voltage, and 
the total impedance of the external 
circuit. A portion of the spreadsheet 
(Table 4) shows the layout 

In building the model, some proper- 
ties, such as resistances and voltages, 
were direct analogs of the physical 
component they represented. The 
functional impedance of tho zener 
diode, however, was quite complex. A 
reverse biased zener diode exhibits 
high impedance (nearly an open 
circuit) until the zener voltage is 
reached. From then on, it shows a volt- 
age dependent impedance that 
maintains the voltage drop across the 
diode at exactly the zener voltage. 
Using the logical @IF function of tlie 
spreadsheet, these two possibilities 
were modeled. When the fault pre- 
vented the voltage at TP2 from exceed- 
ing 5.0 volts, the diode impedance was 
lOlO ohms (used for open circuits), 
otherwise an impedance was calculated 
based on current flow in the circuit to 
provide zener action. Variables pre- 
sented to the student were limited to 
the voltages present at the test points 
(relative to ground) and the current in 
Meter Ml. Resistance measurements 
could easily have been allowed, but the 
design goal for the model was to teach 
active, in-circuit troubleshooting. 

The model used rather complex for- 
mulas to compute the variables. For 
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example, the Test Point 1 voltage was 
computed from the battery voltage 
(Ebatt), the external system impedance 
(Rs), and the internal or bauery imped- 
ance (Rb) using the following 
formulas. 

Total current(Itotal) = Ebatt/(Rs +Rb)) 
Voltage of Test Point 1 = Itotal * Rs. 

In the normal circuit, the calculated 
voltage was 6.2743 volts. Faults were 
either shorts (R=:0) or opens (R=: 1010 
ohms) in the resiSiOrs, except fot the 
battery impedance which was merely 
increased to simulate a "weak" battery 
condition. Only single fault sets were 
used in this case, but multiple faults 
could be used. A further refinement 
would be to add ratings, such as power, 
to some components. The spreadsheet 
could then evaluate to see if the in- 
structor induced fault caused an over- 
load somewhere else that "took out" 
additional components. 

CUSTOM VERSUS GENERIC FAULT 
GAMES 

Boyle and Robinson described an acid- 
base balance game.* In this program 
the student sees a graphical display 
showing arterial Rco^, plasma bicar- 
bonate (HCO3O, and pH. The normal 
range, blood buffer line and current 
patient status are displayed graphically 
and in tabular form. The player is 
asked to determine the most appropri- 
ate diagnosis for the given acid-base 
state. The screen then presents a list of 
diagnoses that represents all combina- 
tions of primary and compensatoy acid- 
base states. After a correct diagnosis is 
selected, the player can select treatment 
options. These include defining values 
for respiratory rate and tidal volume 
and ordering an infusion of acid or ba- 
sic solution over a 60-minute interval 
to adjust base excess or deficit. The 
patient's status is altered on the display 
during the course of therapy. Tutoring 
is provided for misdiagnoses and im- 
proper therapies. 



'^oyle and Robinson's fault finding 
game is a custom application for acid- 
base balance. The game described here 
is generic. Acid-base problems could 
be implemented in the generic engine, 
but they would lose the graphical inter- 
face and the tutorial feedback of the 
custom version. On the other hand, 
custom programs require new program- 
ming for each ^plication. Our goal 
was to develop an engine sufficiently 
flexible that non-programmers could 
use it to create problem-solvirig exer- 
cises in a wide variety of domains with 
little instructor time investment 

AVAILABILITY OF THE PROGRAM 
A preliminary version of the program 
for tlie IBM PC is available. The pro- 
gram uses the UCSD P-system and has 
sample problems along with student 
and faculty manuals on disk. These 
may be obtained by sending a blank 
floppy disk and self addressed enve- 
lope (a diskette mailer is best) to the 
authors. An improved version, used to 
illustrate this article is being prepared 
for publication. Problem sets created 

Table 4. Encoding a problem in a spreadsheet 



for the initial version will b^^ fully com- 
patible with the new one. 

This work was supported by grants from US 
Department of Education (FIPSE) ^^G008440474 
and National Insu'tuics of Health HLBI (SBIR) 
^^1R43HL37790. 
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«PROPERTIES» 

<name> 
<abbr> 

<activc pn)p?> 
<index> 
<qual valuo 
<binary prop> 
<valuo 

«VARIABLES» 

<namo 
<abbr> 
<active var?> 
<index> 
<dev> 
<units> 
<binary var?> 
<display value?> 
<valuo 



<property 1> 

Battery 

Zbatt 

1 

1 

0 

0 

0.10000 



<variable 1> 

Test Point 1 

E-TPl 

1 

1 

0 

Volts 

1 

1 

6.2743 



<property 2> 

Impedance CI 

Zcap-1 

1 

2 

0 

0 

10000000.0000 



<variable 2> 

Test Point 2 

TP-2 

1 

2 

0 

Volts 

1 

1 

4.9899 



<property 3> 

Limit Resistor 

R-1 

1 

3 

0 

0 

5 



<:variable 3> 

Test Point 3 

TP-3 

1 

3 

0 

Volts 

1 

1 

2.4950 
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NRCLSE ANNUAL REPORT 
FOR 1987 



NRCLSE 



The overall purpose of NRCLSE is lo 
cultivate collaborative efforts among 
faculty with expertise in using com- 
puters in life science education. The 
broad goal of the Resource is fourfold: 

1) to educate faculty in effective uses 
of computers in the curriculum; 

2) to promote research aimed at eval- 
uating new applications of the com- 
puter to life science education; 

3) to promote development of a crit- 
ical mass of high quality, versatile 
software; and 

4) to serve in a consultant capacity for 
life science faculty currently active 
or interested in becoming active in 
this area. 

This year's activities were focused on 
further establishing the Resource as a 
viable entity capable of serving the life 
science community. A statement of 
NRCLSE's financial status is presented 
in Table 1. 



GENERAL OVERVIEW 0^ 
ACTIVITIES 

In 1987, NRCLSE applied for and re- 
ceived non-profit [501(c)(3)] status 
from the Internal Revenue Service. In 
addition to making us eligible to re- 
ceive tax deductible donations, the IRS 
approval of our non-profit status makes 
us eligible to apply to various founda- 
tions and funding agencies for support 
of specific projects. We have begun a 
process to identify foundations whose 
interest areas include use of computers 
in life science education as an initial 
step in developing future projects. 

Publication of Computers in Life 
Science Education continues lo be our 
primary activity. However, during the 
past year, we have continued our soft- 
ware development project in respira- 
tory physiology, provided information 
to colleagues throughout the worid 
concerning use of computers in life 
science curricula, participated in 
regional and national meetings, and 
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Table L NRCLSE Financial Report for year ending Heccmbcr, 1987. 



Fund Balance, December 31, 1986 $14,928 
Revenues 

Cash donations 845 
Equipment donations 0 

Subscripuons 5,080 

Software sales 2'oOR 

Total Revenues 7,933 

Expenses 

CLSE production 4,182 

Operating supplies 2,102 

Contractual services 2,258 
Travel 557 
Software purchases 141 

Touil Expenses 9,'250 

Fund balance, December 31, 1987 $13,612 



conducted demonstrations and work- 
shops at a number of instituUons. 

Computers In Life Science Education 
SubscripUons to CLSE continue at tJie 
same level as in previous years, with 
chse to half of ilie subscriptions being 
held by libraries. The geographic dis- 
tribution of subscribers continues to 
grow. DistribuUon now includes sub- 
scribers in 10 countries representing 4 
continents. 

In addition to our regular features, 
"Keeping Abreast of iJie Literature" 
and "Where's the Software?", we have 
begun publishing an annual colleague 
directory of life science educators in- 
terested in using or actively using the 
computer as a teaching tool. Tlie intent 
in providing this information is to help 
life science educators establish links 
Willi potential colleagues. Entries for 
llie directory have been drawn primar- 
ily from responses to the NRCLSE 
questionnaires published in CLSE. 

Softwiire development 
Work on conversion of our Apple II 
package of simulauons (Simulations in 
Physiology - The Respiratory System) 
to MS-DOS and Macintosh fonnats 
continued during this year. All liiree 
packages are now complete and avail- 
able for distribution. Appropriate an- 
nouncements and purchase information 
for each set was included in Computers 
in Life Science Education when each 
set was completed. 

Resource Information 
During 1987, NRCLSE responded to 
over 75 requests for informadon con- 
cerning use of die computer as an edu- 
cauonal tool. Tlie majority of these 
concerned suitable software for use in 
die laboratory setting. 
The geographic origin of the requests 
indicates that we are beginning to ac- 
complish our goal of providing wide- 
spread service. Requests originated 
from instituuons in Australia, Belgium, 
Canada, Denmark, England, Italy, 
Jamaica, Mexico, Spain, Sweden, and 
die UnitedSlates (24 states, the District 
of Columbia, the U.S. Virgin Islands, 
and Puerto Rico). 



Presentations/Consultation 
Personnel from NRCLSE organized or 
participated in symposia, panels, and 
workshops at 5 regional and national 
meetings during the year. Workshops 
and demonstrau'ons were also present- 
ed at two universities. Topics included 
teaching problem-solving in physiol- 
ogy, the computer as a teaching aid in 
biological sciences, the role of the 
computer in the lecture hall, future 
trends in physiology teaching, and 
computer applications other than 
Uaditional computer-aided instrucUon 
in healdi science education. 

Establishing a peer critique mechanism 
for software 

In 1987, we began our effort to estab- 
lish a peer critique mechanism for re- 
viewing software by initiating a dialog 
on the topic in Computers in Life 
Science Educadon. This effort will 
continue in 1988 with our first goal 
being to establish criteria for such a 
mechanism. To get as much input as 
possible before establishing specific 
criteria, we will survey other groups 
already involved ?n peer review of 
software, and the two ardcles published 
in CLSE will be reprinted in Science 



Software, a quarterly publication serv- 
ing the science community. 



SPECIAL THANKS 
NRCLS£ extends a very special 
"Thank you" to the following people, 
organizadons, and institutions for their 
support in 1987. 

American Institute of Biological 
Sciences 

730 11^ Street, N.W. 
Washington, D.C. 2001-4584 

Dr. Joel Michael 
Department of Physiology 
Rush Medical College 
Chicago, IL 60612 

Paula Olcott 
6768 48^Ave.S^W. 
Seattle, WA 98136 

University of Washington 
Seattle, WA 98195 

Zenith Data Systems 
300 120* Ave. 
BIdg. 1, Suite 205 
Bellevue, WA 98005 
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The primary goal of the National Re- 
source for Computers in Life Science 
Education (NRCLSE) is to cultivate 
collaborative efforts among life science 
faculty inicrcstcd in using the computer 
as a teaching tool. 
The directory that follows is updated 
from the 1986-87 directory and was 
drawn primarily from respondents to 
questionnaires printed in CLSE. It is 
intended to help rw5dcrs identify col- 



leagues with common interest areas. 

The listings are arrariged by the con- 
tent areas identified in response to the 
question, "What content anas do you 
teach?" As a i alt, entries may appear 
under more than one heading. 

Although every attempt has been 
made to ensure that the information is 
current and correct, it is likely that 
some errors appear in this list. Wc 
apologize in advance for any inconve- 



niences 'ihat may arise due to such 
oversights. Panllof the directory will 
appear next month. 

If ycu are aware of other colleagues 
that should be listed, please send their 
names, addresses, phone numbers, and 
teaching content areas to NRCLSE, 
Mail Slop RC-70, Univ, of Washing- 
ton, Seattle, WA 98195 or let us know 
via BITNET. NRCLSE's BIWET 
address is MODELL@UWALOCKE. 



AGRONOMY 

ARNHSON.PIIILA 

DHPT OF PLANT P ATI lOIjOG Y 

CORNT-LLUNIV 

miACA. NY 14853 

(607)255-7871 
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DHPTS OFPIJVNT SQENa: 

ANDGI-NimCS 
UNIVOFNTiWIIAMPSIIIRn 
DURHAM. MI 03S24.3597 
(603) 862-3217 
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DURHAM. MI 03824 
(603) 862-3220 

fini^nuzAM-R 

DFIT OF AGRONOMY 
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COLUMBIA. MO 65211 
(314) 8S2-2O0I 

ANATOMY 

DASIIOR. DAVID P 
DIOT OF BIOLOGY 
UMVNCAROIJNA AT 

CHARLOTTE 
CI IARLarrn.NC 28223 
(7CM) 597^047 

BAUR.JOIINM 

DBrTOFBIOIX)GY 

BRI-SCIA COUJiGE 

I20WESTSEVnNTHST 

OWr:NSnORO.KY42^J 

(5(r)6S5-313inXT276 

BRLLMER, SISTHR 'TJZA- 

mmii 

TR^.-TTYCOIXEGn 
WASIUNGTON, DC 20017 
(202) 939-5190 

BENNETT, THOMAS F 
DEPT OF BIOLOGY 
BELL/XRMINg COLLFoE 
NEWBURG ROAD 
LOUISVILLE, KY 40205 
(502)452*8195 



BERGQinST.HART 
DEPTOFIUOLOGY 
UMV NORTHERN IOWA 
CEDAR FALLS, lA 50614 
(319)273-2723 

BUSIIBY. PIIIUPA 
COUJ-GIiOFVirrMED 
DRAWER V 

NilSS STATU UNIV, MS 39762 
(601)325-1127 

DICKINSON, WIMFRUD 
DEPT OF BIOLOGY 
UNIV OF STnUBENVIU.E 
SIOTENVILLE, OH 43952 
(614)233-3771 

DUGGAN, ELEANOR L 
BIOLOGY DEPT 
UNWNCAROUNA AT 

GREENSBORO 
GRIiL iBORO.NC 2741^1001 
(9I9> 379-5839 

ELDER, DR niHTY 
DEPTOFBIOIjOGY 
GEORGIA SOUTHWESTERN 

COU-EGE 
AMERICUS, GA 31709 
(912)923-1250 

n:RNER,JOIINW 
DEPTOFB'OLOGY 
IIIOMAS MORE COLLEGE 
CRESTVIEW ini-LS, KY 4 1017 
(606)34;-3374 

FIN'KELSTE!N,NiICIL\EL 
DEPr OF ORAL PATHOI^Y 
COLL'^GE OF DENTISTRY 
UMV OF IOWA 
IOWA crrY, lA 52242 
(319)353-7370 

FREED, DR JAMES M 
DEPTOFZOOLOCY 
OinOWESLEYANUNIV 
DEUWARE, OH 43015 
(614)3694431 EXT-:0O 

GOOaLVAND 
DEPTOFSa&MATII 



UMV OFMIN'NTiSOTA 
MORRIS, MN 56267 
(612)589-2211 

GWINN, DR JOHNF 
DEPT OF BIOLOGY 
UMV OF AKRON 
AKRON. OH 44325 
(216)375-7160 

GWYN,DRDG 
DliPT OF ANATOMY 
DALIICUSIEUMV 
IL\UFAX,N0VA SCOTIA 
B3II4! CANADA 
(902)42 051 

IIERRON ARYA 

BIOMED liiARNlNG RES CVR 

COIXnGEOFVE:'MED 

TEXAS A&M UNIV 

COIXEGE STATION, TX 77843 

(409)845-1780 

HILUARD,sn:PIIEN 
DEPT OF BIOLOGY 
BAIJ)WIN-WALLACE 

COLLEGE 
BEREA, OH 44017 
(216)826.2265 

HOUSE, EDWIN W 
DEPTOFBIOI-OGY 
IDAHO STATE UMV 
PO BOX 8007 
POCATELLO, ID 83209 
(208)236.3765 

HOUSE, DRinSRBERTW 
ELONCOUJ:GE 
BOX 2270 

ELON COJXEGE, NC 27244 
(519)584-1^94 

JONES, MiniAELE 
DEPTS OF/^-.MT&:,ST 
nJNDERS UNIV oFsomii 

AUSTRAUA 
SCHOOL OF MEDIQNT: 
BEDFORD PARK, 5042 
AUSTRAUA 

KEEre,JRiaiARD 



DEPT OF ANATOMY 
CASE WI-STERN RI-SI-RVE 

UNlVERSrrY 
CIrM:UND,OIl44106 
(7i6) 368-2656 



MESSICK,JOHNP 
DEPT OF BIOLOGY 
MISSOURI SOUTilERN STAll: 

COU-EGE 
JOPUN, MO 64801 
(417)625 9376 

MEYERS, PAUL E 
DEPTOFBIOLCHEMA 

STRUCT 
THE CHICAGO MED SaiOOL 
3333 GREF^NBAYRD 
NORT* I a IICAGO, IL 60064 
(312) 578-3000 EXT 458 

MICKUS,JOHN 
DEPT OF BIOLOGY 
ILUNOIS BF^NEDICIINECOLL 
5700 COIXEGE ROAD 
USLE. n. 60532-0900 
(312) 960-1500 EXT 509 

RALSTON, II J 
DEPTOF ANATOMY S-13J4 
UMV CALIF, SAN ITlANasCO 
3RD A PARNASSUS AVr;S 
SANFRANaSCO.CA 94143 
(415) 476.1861 

ROBBINS, DR HERBERT C 
DALLAS BAPTIST UMV 
7777 WEST KJESTBLVD 
DAUJVS,TX 75211-9800 
(214) 333-5302 

SIN'NAMON,WALT 
CENTRAL WES LEYAN 

COLLEGE, BOX 443 
CFJSTRAUSC 29630 
(803)639-2453 HXT356 

SMALL. JAMES W 
DEPT OF BIOLOGY 
ROUJNS COUJ:GE,nOX 2643 
WINTER PARK, n. 32789 
(305)64^2433 
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SFRAGUE. RUTHM 
DEPTS OK ANATOMY <ft 

NEUKOBIOLOG? 
UNIV OF VERMONT COUJEGE 

OF MEDICINE 
BURUi^GTON. VT 05405 
(802)656-0416 

WILHELM. DALLAS 
DEPT OFBIOLOGT 
HASTINGS COLLEGE 
HASTINGS»NE 68901 
(402)463-2402 EXT 264 

WIUJAMS, STANLEY C 
DEPT OF BIOL SCIENCES 
SAN FRANQSCO STATE UNIV 
1600HOLLOWAY AVF. 
SAN FRANQSCO, CA 941 32 

WILSON. DR MARLENE 
IJNIV OF PORTLAND 
5000 N WILLAMETTE BLVD 
PORTLAND, OR 97203 
(503)233-7123 

ZEiniER, SHIRLEY 
DAVENPORT COLLEGE 
415 EAST FULTON 
GRAND RAPIDS, MI 49503 
(616)451-3511 

ANIMAL BEHAVIOR 

AMLANER. CHARLES J JR 
DEPT OF ZOOLOGY 
UNIV OF ARKANSAS 
FAYETrEVILLE,AR 72701 

ASHTON. GEOFFREY C 
DEPT OF GENETICS 
UNIV OFHAWAfl 
1960 EAST- WEST ROAD 
HONOLULU, HI 96822 
(808)948-8552 

ROGER GAMBS, 
DEPT OF B ICL SCIENCE 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO, CA 93407 
(805)546-2551 

HECKENUVELY, DONALD B 
DEPT OF BIOLOGY 
IflLLSDALE COLLEGE 
IflLLSDALE, MI 49242 
(517)437-7341 

KESLER, DAVID H 
DEPT OF BIOLOGY 
RHODES COLLEGE 
2000 NORTH PARKWAY 
MEMPHIS, TN 381 12 
(901)726-3557 

LA BAR. MARTIN 
CENTRAL WESLEYAN 

COLLEGE 
CENTRAL.se 29630 
(803)639-2453 

ODE, PHILIP 
DEPT OF BIOLOGY 
TWEL COLLEGE 
GREENVILE.PA 16125 
(412)588-7700 

STOUT, JOHN 



DEPT OF BIOLOGY 
ANDREWS UNIV 
BERRIEN SPRINGS, MI 49104 
(616)471-3243 

ANIMAL SCIENCE 

KENNELLY,DRJOHNJ 
DEPT OF ANIMAL SCIENCE 
UNIV OF ALBERTA 
EDMONTON, ALBERTA 
CANADA T6G2P5 
(403)432-2133 

BIOCHEMISTRY 

BATES, WILUAMK 
DEPT OF BIOLOGY 
UNIV NORTH CAROLINA 
GREENSBORO, NC 27412 
(919) 37C-5391 

BLANCHAER. MARCEL 
DEPT OF BIOCHEMISTRY 
FACULTY OF MEDION'E 
UNIV OF MANITOBA 
WINNIPEG, MANTfOBA 
CANADA R3E0W3 
(204)788-6570 

COOK, DAVID E 

DIV Sa & MATHEMATICS 

DAKOTA STATE COLLEGE 

MADISON. SD 57(M2-1799 

(605)252-5194 

CREUrZ, aiARLES 
DEPT OF BIOLOGY 
UNIV TOLEDO 
TOLEDO. OH 43606 
(419) 537-4159 

DICKINSON, WINIFRED 
DEPT OF BIOLOGY 
UNIV OF STCUBENVHXE 
STEUBENVILLE, OH 43952 
(614)283-3771 

EUSTIS-TURF, ELI21ABETH 
MEDICAL COLLEGE OF 

VIRGINA 
BOX 694, MCV STATION 
RICHMOND, VA 23298 
(804)786-9824 

PERNER,JOHNW 
DEPT OF BIOLOGY 
THOMAS MORE <X)U^GE 
CRESTVIEW HILLS, KY41017 
(606) 344-3374 

FORRESTER, JOE 
DEPT OF BIOCHEMISTRY 
UNIV OF MISSOURI 
MI21 MEDSa BLDG 
<X)LUMBIA, MO 65212 
(314) 882-8795 

HARLEY, CALVIN B 
DEPT OF BIOCHEMISTRY 
McMASTERUNIV 
HAMILTON, ONTARIO 
CANADA L8N 3Z5 
(416) 525-9140 EXT 2W0 

HOUSE, DR HERBERT W 
ELON COLLEGE, BOX 2270 
ELON COLLEGE, NC 27244 
(919)584-2294 



JOHNSON. WALTER 
NW COLLEGE OF aUROTOACnC 
2501 W84THST 
BLOOMINGTON, MN 55431 
(612) 888-4777 EXT 290 

KIRBY,DR EDWARD 

DEPT OF bicx:hemistry 

TEMPI E UNIV HLTH SCI CTR 
3420 N BROAD ST 
PHILADELPHIA, PA 19140 
(215)221-4180 

KRUSE.ANNAC 
CABRINI COLLEGE 
RADNOR. PA 19087 
(215)687-2100 

MASSEY.KLORNE 
DEPT OF PATHOLOGY 
COLLEGE OF MEDICINE 
UNIV SASKATQIEWAN 
SASKATOON. 
SASKATCHEWAN 
CANADA S7N 9W0 

NORRIS, THOMAS E 
SENIOR ASSOC DEAN 
MOREHOUSE SCH OF MED 
720WE3TVIEWDR SW 
ATLANTA. GA 30310-1495 

PEARSON. ANDREW 
DEPT OF BIOCHEMISTRY 
UNIV WEST INDIES 
MONA. KINGSTON 7 
JAMAICA 
(809)927-2290 

PETERSON. JUUAN A 
DEPT OF BlOaiEMISTR Y 
UNIV TEXAS HEAI.THSa CTR 
5323 HARRY HINES BLVD 
DALUVS.TX 75235-9038 
(214)688-2361 

RA WITCH, ALLEN B 
DEFT OF BIOCHEMISTRY 
UNIV KANSAS MED CTR 
RAINBOW BLVD AT 391H 
KANSAS CITY. KS 661 03 
(913)588-6957 

SCHADLER. DANIEL L 
DEPTOFBOLOGY 
OGLETHORPE UNIV 
4484 PEACHTREE ROAD NE 
ATLANTA. GA 30319-2797 
(404)261-1441 EXT 403 

SOLU DIETER 

DEPT OF MOLECULAR 

BIOPHYS AND BIOCHEM 
YALE UNIV 
260WHrrNEYAVE 
NEW HAVEN. CT 06511 
(203)436-3611 

SPENCER. TREVOR 
DEPT OF BIOCHEMISTRY 
QUEENS UNIVERSITY 
KUnGSTON ONTARIO 
CANADA K7L3N6 
(613)545-2997 

STRATTON, LEWIS P 
DEPT OF BIOLOGY 



FURMANUNIV 
GREENVILLE, SC 29613 
(803)294-3249 

SUELTER. CLARENCE H 
DEPT OF BIOaiEMISTRY 
MICHIGAN STATE UNIV 
EAST LANSING. MI 48824 

(517) 355-1708 

TESKEY. SISTER NANCY 
HOLY NAMES COLLEGE 
3500 MOUNTAIN BLVD 
OAKLAND. CA 94619 
(415) 436-0111 

TREBLE. DONALD H 
DEPT OF BIOCHEMISTRY 
ALBANY MEDICAL COLLEGE 
ALBANY. NY 12208 

(518) 445-5364 

WAGNER. MARTIN J 
DEPT OF BIOCHEMISTRY 
BAYLOR COLLEGE OF 

DENTISTRY 
3302 GASTON AVE 
DALLAS. TX 75246 
(214) 828-8261 

WINTER. CHARLES G 
DEPT OF BIOCHEMISTRY 
UNIV OF ARKANSAS 
COLLEGE OF MEDICINE 
4301 WMARKHAMST 
LFTTLE ROCK. AR 72205-7199 
(501)661-5190 

BIOLOGY 

BASHOR, DAVID P 
DEPT OF BIOLOGY 
UNIV N CAROLINA AT 

CHARLOTTE 
CHARLOTTE. NC 28223 
C7W)597-4W7 

BAUR,JOHNM 
DEPT OF BIOLOGY 
BRESOA COLLEGE 
120 WEST SEVENTH ST 
OWENSBORO. KY 42301 
(502)685.3131 EXT 276 

BERG. VIRGINIA 

DEPT OF BIOLOGY 

UNIV OF NORTHERN IOWA 

CEDAR FALLS, lA 50614 

(319)273-2770 

BOWKER. LESLIE S 
DEPT OF BIOL SCIENCE 
CAL POLYTECH STATE 

UNIVERSITY 
SAN LUIS OBISPO. CA 93407 
(805)546-2788 

BROADWAY. RUBYL 
DEPT OF NATURAL SCIENCE 
DILlj\RDUNrVERSrrY 
NEW ORLEANS. LA 70122 
(504) 283-8822 EXT 246 

CARICO. JAMES E 
DEPT OF BIOLOGY 
LYNCHBURG COLLEGE 
LYNaiBURG, VA 24501 
(804)52^8366 
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CIIEW.FS 
DEFT OFBIOLOGY 
TUFTS UNIV 
MEDFORD. MA 02155 
(617) 381-318? EXT 3195 

CinEN.PAULK 
DEPT OFBIOLOGY 

umr OF SAN v?j^:cisco 

SAN FRANQSCO. CA 941 17 
(415^666-6345 

COCKERHAM.BILL 
FRESNO PACEFIC COLLEGE 
1717 S aiESTNOT 
FRESNO. CA 93702 
(209) 453-2045 

COLLINS. DR MiaiAEL A J 
DEPT OFBIOLOGY 
MEMORIAL UNW OF 
NEWFOLTsTJLAND 
ST JOHNS. NEWFOUNT)LANT) 
CANADA AlB 3X9 
(709)737-8031 

DILLEHAY.DRJANE 
DEPT OFBIOLOGY 
GALLAUDET COLLEGE 
800 FLORIDA AVENH 
WASHINGTON, DC 20002 
(202)651-5531 

DOVE. LEWIS 

DEPT OF BIOL SCIENCES 

WESTERN ILLINOIS UNIV 

MACOMB. IL 61455 

(309)298-1166 

DUGGAN, ELEANOR L 

BIOLOGY DEPT 

UNIV OF N CAROLINA AT 

GREENSBORO 
ROOM 309. EBERHART BLDG 
GREENSBORO. NC 27412-5001 
(919) 379-5839 

EILEUS. LAWRENCE J 
DEPT OFBIOLOGY 
UNIV OF NORTHERN IOWA 
CEDAR FALLS. lA 50614 
(319)273-2218 

FANNING. MARSHA E 
DEPT OF BIOLOGY 
LENOIR-RHYNE COLLEGE 
HICKORY. NC 2S603 
(7(M) 32S-7270 

FERNER.JOHN W 
DEPT OFBIOLOGY 
THOMAS MORE COLLEGE 
CRESTVIEW HILLS, KY 41017 
(606)344-3374 

FONTANE,DRAR 
DEPT OFBIOLOGY 
UNIV OF VICTORIA 
POBOX 1700 
VICTORIA, BCV8W2Y2 
CANADA 
(604)721-7131 

FREY. DENNIS 
DEPT OF BIOL SCIENCE 
GAL POLYTECH STATE 
UNIVERSITY 



SAN LUIS OBISPO, CA 93407 
(805) 546-2802 

FROLA.JOHNL 
DEPT OFBIOLOGY 
UNIV OF AKRON 
AKRON. OH 44325 
(216)375-7153 

GIBSON, UNDA 
DEPT OFBIOLOGY 
EASTERN WASH UNIV 
aiENEY,WA 99004 
«09) 359-2845 

GORMAN, MARK 
BALDWIN- W/JJJVCE COLL 
BEREA. OH 44017 
(216) 826-2217 

HAMAN.AC 
DEPT OF BIOLOGY 
UNIV NORTHERN IOWA 
CEDAR FALLS. L\ 50614 
(319)273-2726 

HECKENLIVELY. DONALD B 
DEPT OFBIOLOGY 
HILLSDALE COLLEGE 
HILLSDALE. Mi 49242 
(517)437-7341 

HEDMAN. STEPHEN C 
DEPT OFBIOLOGY 
UNIV OF MINN AT DULUIH 
2400 OAKLAND AVE 
DULUTH.MN 55812 
(218) 726-8122 

HEIMBROOK. MARGARET E 
DEPT OF BIOL SQENCES 
UNIV OF NORTHERN 

COLORADO 
GREELEY. CO S0639 
(303) 351-2644 

HODGSON, DR LYNN M 
NORTHERN STATE COLLEGE 
BOX 673 

ABERDEEN, SD 57401 
(605)222-2432 

HOUSE. EDWIN W 
DEPT OF BIOLOGY 
IDAHO STATE UNIV 
POBOX 8007 
POCATELLO. ID 83209 
(208)236-3765 

HOUSE. DR HERBERT W 
ELON COLLEGE 
BOX 2270 

ELON COLLEGE, NC 27244 
(919)584-2294 

HUMORA.PAUL 
DEPT OF BIOLOGY 
NORTH ADAMS ST COLLEGE 
NORTH ADAMS, MA 01 267 
(413)664-4511 EXT 343 

JANKAY. PETER 
DEPr OF BIOL SCIENCE 
CAL POLYTECH STATE 

UNIVERSITY 
SAN LUIS OBISPO. CA 93407 
(805)546-2860 



JOHNSON. J RONALD 
DEPT OF BIOLOGY 
MIDLAND COLLEGE 
FREMONT. NE 68025 

KESSLER. SISTER IRMA 
DEPT OF BIOLOGY 
COLLEGE OF ST ELIZABETH 
CONVENT STATION. NJ 07961 
(201)539-1600 

KLEINSMITH.LEWISJ 
DEPr OF BIOLOGY 
UNIVOFMICHIGAi'^ 
ANN ARBOR. MI 48 109-1(V48 
(313)763-3290 

KRUSE.ANNAC 
CABRINI COLLEGE 
RADNOR. PA 19087 
(215)687-2100 

LEISMAN. DR GILBERT A 
DEPT OF BIOLOGY 
EMPORIA STATE UNIV 
EMPORIA. KS 66801 
(316) 343-1200 EXT 5617 

McCALLEY. DAVID V 
DEPT OF BIOLOGY 
UNIV NORTHERN IOWA 
CEDAR FALLS. lA 50614 
(319)273-2581 

McGIVERN. MARY JEAN 
DEPT OFBIOLOGY 
GEORGL\N COURT COLLEGE 
LAKEWOOD.NJ 08701 
(201) 364-2200 EXT 345 

MELE,FRANKM 
DEPT OF BIOLOGY 
JERSEY CITY STATE 

COLLEGE 
JERSEY CITY. NJ 07305-1597 
"01)547-3054 

ODE. PHILIP 
DEPT OF BIOLOGY 
THIEL COLLEGE 
GREENVILE.PA 16125 
(412)588-7700 

ORR.ALAN 
DEPT OF BIOLOGY 
UNIV NORTHERN IOWA 
CEDAR FALLS. lA 50614 
(319)273-2150 

OWEN,LAWTON 
KANSAS WESLEYAN 
lOOECLAFLIN 
SAUNA. KS 67401 
(913)827-5541 

PIPERBERG.JOELB 
DEPT OF BIOLOGY 
SIMMONS COLLEGE 
300 THE FENWAY 
BOSTON, MA 021 15 
(617)738-2196 

POLLOCK. LW 
DEPT OF BIOLOGY 
DREW UNIVERSITY 
MADISON, NJ 07940 
(201) 377-3000 EXT 358 



QUIN'N.^AVIDL 
DEPT OF BIOLOGY 
MUSKINGUM COLLEGE 
NEW CONCORD. OH 43762 
(614) 826-8225 

RALPH. CHARLES L 
DEPT OF ZOOLOGY 
COLORADO STATE UNIV 
FT COLLINS. CO 80523 
(303)491-6105 

RALSTON. lU 

DEPT OF ANATOMY S-i334 
UNW CALIFORNIA AT SAN 

FRANQSCO 
SAN FRANCISCO. CA 94143 
(415)476-1861 

RENISH. ALMA JEAN 
UNIVOFWISCONSIN- 

PARKSIDE 
BOX 2000 

KENOSHA, WI 53141-2000 
(414)553-2213 

ROBBINS. DR HERBERT C 
DALLAS BAPTIST UNIV 
7777 WEST KIEST BLVD 
DALLAS. TX 7521 1-9800 
(214) 333-5302 

RUNYAN. MICHAEL E 
DEPT OF BIOLOGY 
LANDER COLLEGE 
GREENWOOD. SC 29646 
(803)229-8385 

SAVAGE. WAYNE 
DEPT OF BIOLOGY 
SAN JOSE STATE UNIV 
SAN JOSE, CA 95192 
(408)277-2355 

SCHADLER. DANIEL L 
DEPT OF BIOLOGY 
OGLETHORPE UNIV 
4484 PEACHTREE ROAD NE 
ATLANTA. GA 30319-2797 
(404)261-1441 EXT 403 

SCHNEIWEISS. JEANNETTE W 
DEPT OF BIOLOGY 
HOFSTRAUNIV 
HEMPSTEAD, NY 1 1550 
(516)560-5521 

SCHWARTZ, ORLANDO A 
DEPT OFBIOLOGY 
UNIV NORTHERN IOWA 
CEDAR FALLS. lA 50614 
(319)273-2106 

SHOLES, OWEN DV 
DEPT OF NATURAL SQENCES 
ASSUMPTION COLLEGE 
500SAUSBURY ST 
WORCESTER. MA 01609 
(61 7) 752-561 5 EXT 257 

SINGLETARY. ROBERT L 
DEPT OF BIOLOGY 
UNIV OF BRIDGEPORT 
BRIDGEPORT. CT 06601 
(203)5764265 

SINNAMON.WALT 
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CENTRAL WESLEYAN 

COIXEGE 
BOX 443 

CENTRAL, SC 29630 
(803) 639-2453 EXT 356 

SKAV/JUL. DR RUSSELL V 

DEFT OF GENETICS 

OinO STATE UNIV 

961 BIOL Sa BLDG 

484 WESTTWELFni AVE 

COLUMBUS. 01143210 

(614)422-1310 

SMALL. JAMES W 
DEPTOFBIOLOGY 
ROLLINS COLLEGE 
BOX 2643 

WINTER PARK. FL 32789 
(305) 646.2433 

SOBIESKI. ROD 
DEPT OF BIOLOGY 
EMPORIA STATE UNIV 
EMPORIA. KS 66801 
(316) 343-1200 EXT 5620 

STANSFIELD. WILUAM 
DEPT OF BIOL SCIENCE 
C AL pr^LYTECH STATE UNIV 
SAN LUiS OBISPO. CA 93407 
(805) 546-2875 

STANTON. GEORGE E 
DLPT OF BIOLOGY 
COLUMBUS COLLEGE 
COLUMBUS. GA 31993 
(404) 568-2065 

STEIN. PAUL 
DEPTOFBIOLOGY 
WASHINGTON UNTV 
ST LOUIS. MO 63130 
(314) 889-6824 

STEUCEK.DR GUYL 
DEPT OF BIOLOGY 
NflLLERSVILLEUNTV 
MILLERS VaLLE. PA 17551 
(717)872-3339 

STONE. LARRIEE 
DANA COLLEGE 
BLAIR. N'E 68008 
(402)426-4101 EXT 229 

STRATTON. LEWIS P 
DEPTOFBIOLOGY 
FURMANUNIV 
GREENVILLE. SC 2961 3 
(803)294-3249 

SWEET, HAVEN 

DEPT OFBIOLOGY 

UNIV OF CENTRAL FLORIDA 

ORLANDO. FL 32816 

(305)275-2922 

TAUB.STEPHANR 
DEPTOFBIOLOGY 
GEORGE MASON UNIV 
FAIRFAX. VA 22030 
(703) 323-2181 

TESKEY, SISTER NANCY 
HOLY NAMES COLLEGE 
OAKLAND. CA 94619 
(415)436-0111 



TURNELL,MJ 
DEPTOFZOOLOGY 
UNIVERSITY OFAIJBERTA 
EDMONTON. ALBERTA 
CANADA T6G2E9 
(403)432-0665 

VERai. RICHARD 
DEPT OFBIOLOGY 
NORTHLAND COLIJEGE 
ASHLAND. WI 54806 
(715) 682-4531 EXT335 

VOORHEES. FRANK RAY 
DEPTOFBIOLOGY 
CENTRAL MISSOURI STATE 
UNIV 

WARRENSBURG. MO 64093 
(816)429-4933 

WALLACE. ROBERT L 
DEPTOFBIOLOGY 
RIPON COLLEGE 
RIPON.WI 54971 
(414)748-8122 

WALTERS. DIRK R 

DEPTOFBIOLOGY 

CAL POLYTECH STATE UNIV 

SAN LUIS OBISPO. CA 93407 

(805)546-2721 

WEISS. DR EDWARD 
CHRISTOPHER NWPORT 

COLLEGE 
50SHOEDiNE 
NCTPORT NEWS. VA 23606 

(804) 599-7044 

WIL\IXS. MARVIN J 
DEPT OF BIOL SCIENCE 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO. CA 93407 

(805) 546-1357 

WILHELM. DALLAS 
DEPTOFBIOLOGY 
HASTINGS COLLEGE 
IL\STINps.NE 58901 
(402) 463-2402 EXT 264 

BIOMETRICS 

BEAVER. JAMES S 

DEPT OF AGRONOMY AND 

SOILS 

COLLEGE OF AGRICULTURAL 

SCIENCE 
UNIV OF PUERTO RICO 
MAYAGUEZ. PR 00708 
(809) 834-4040 EXT 2380 

BOYNTON.DR JOHNE 
ST JOSEPHS COLLEGE 
155 ROEBLVD 
PATCHOGUE. NY 1 1772 
(516)654-3200 

STEUCEK. DR GUY L 
DEPT OF BIOLOGY 
MILLERSVnXE UNIV 
MILLERSVILLE. PA 17551 
(717) 872-3339 

WATROUS. JAMES 
DEPTOFBIOLOGY 
ST JOSEPH'S UNIV 
PHILADELPHIA, PA 19131 
(215)879-7342 



WESSEI^BEAVER. LINDA 
DEPT OF AGRONOMY AND 
SOILS 

COLLEGE OF AGRICULTURAL 

SQENCE 
UNIV OF PUERTO RICO 
MAYAGUEZ. PR 00708 
(809) 834-4040 EXT 2566 

WILLIAMS. STANLEY C 
DEPT OF BIOL SCIENCES 
SAN FRANCISCO STATE UNIV 
SAN FRANCISCO. CA 94132 

BIOPHYSICS 

AMLANER. CHARLES J. JR 
DEPTOFZOOLOGY 
UNI V OF A RKANSAS 
FaYETTEVILLE. AR 72701 

RAM. JEFFREY L 
DEPTOFPinrsiOLOGY 
WAYNE STATE UNIV SCH 

MEDICINE 
DETROIT. Nfl 48201 
(313)577-1558 

SACHS. DR FREDERICK 
DEPT OF BIOPHYSICAL SCI 
SUNY AT BUFFALO 
BUFFALO. NT 14214 
(716)831-3289 

SLAYMAN.CL 

DEPT OF PHYSIOLOGY 

YALE SCHOOL OF MEDICINE 

NEW HAVEN. CT 06510-8026 

(203)788-4478 

WUNDER. CHARUES C 
DEPT OF PHYSIOLOGY 
UNTVOFIOWA 
OAKDALE CAMPUS 
OAKDALEIA 52319 
(319) 353-4704 

BIOSTATISnCS 

HECKENTJVELY. DONALD B 
DEPTOFBIOLOGY 
HILLSDALE COLLEGE 
HILLSDALE, MI 49242 
(517)437-7341 

PETERSON. MARGARET GE 
BIOSTATISTICS RES CTR 
UNTV OF CONNECTICUT 

HEALTH CTR AM034 
FARMINGTON. CT 06062 
(203)674-3834 

SAKTI.JANA 

DEPT OF CROP SCIENCE 

UNIV OF SASKATCHEWAN 

SASKATOON. SK S7N OWO 

CANADA 

(306) 96M952 

BOTANY 

BLACK. JOE B 
DEPTOFBIOLOGY 
LOUISIANA COLLEGE 
PINEVELLE. LA 71359 
(318)487-7611 

CASTANER. DAVID 
DEPTL BIOLOGY 
CENTRAL MISSOURI STATE 
UNIVERSITY 



WARRENSBURG. MO 64093 
(816)429-4933 

DICKINSON. WnsTFRED 
DEPTOFBIOLOGY 
UNIV OF STEUBEN'VILLE 
STEUBENVILI^. OH 43952 
(614)?^3-3771 

DOYLE. JAMES 
DEPTOFBIOLOGY 
AQUINAS COLLEGE 
GRANT) RAPIDS. MI 49506 
(616)459-8281 EXT 387 

GIBSON. UNDA 
DEPT OF BIOLOGY 
EASTERN WASHINGTON UNTV 
CHENIEY. WA 990(M 
(509) 359-2845 

HODGSON. DRLYN'NM 
NORTHERN STATE COLLEGE 
ABERDEEN. SD 57401 
(605)222-2432 

HOLLAND. VL 
DEPT OF BIOL SCIENCE 
CAL POLYTECH STATE UNTV 
SAN LUIS OBISPO. C A 93407 
(805) 546-2789 

HOLM. FA 

DEPT OF CROP sa & PLANT 

ECOLOGY 
UNIV OF SASKATCHEWAN 
SASKATOON. SK S7N OWO 
CANADA 
(306)966-5006 

JANKA Y.PETER 
DEPT OF BIOL SCIENCE 
CAL POLYTECH STATE UNTV 
SAN LUIS OBISPO. CA 93407 
(805)546-2860 

KEIUDAVIDJ 

DEPT OF BIOL SCIENCES 

CAL POLYTECH STATE UNTV 

SAN LUIS OBISPO, CA 93407 

(805)546.2(M3 

LA BAR. MARTIN 
CENTRAL WESLEYAN COLL 
CENTRAL. SC 29630 
(803) 639-2453 

ROBBINS. DR HERBERT C 
DALLAS B\PnST UNIV 
DALLAS. T>C 7521 1-9800 
(214) 333-5302 

RUNYAN. MICHAEL E 
DEPTOFBIOLOGY 
LANDER COLLEGE 
GREENWOOD. SC 29646 
(803)229-8385 

SAVAGE. WAYNE 
DEPTOFBIOLOGY 
SAN JOSE STATE UNIV 
SAN JOSE, CA 95192 
(408) 277*2355 

SCHADLER. DANIEL L 
DEPTOFBIOLOGY 
OGLETHORPE UNIV 
4484 PEACHTREE ROAD NE 
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ATLANTA, GA 30319-2757 
(404)261-1441 EXT403 

SIIAH^M I 

DEPT OF SCIENCE & MATII 
RUST COLLEGE 
HOLLY SPRINGS, MS 38635 
(601)252-4661 

SNOW.NflCHAELD 
DEPT OF PlIYS & LIFE SCI 
UNIVERSITY OF PORTLAND 
500 N WILLAMEFTE BLVD 
PORTLAND. OR 97203 
(503) 2S3-7175 

TORRES. ANDREW M 
DEPT OF BOTANY 
UNIV OF KANSAS 
LAWRENCE. KS66(W4 
(913^864-4257 

VERai.RiaiARD 
DEPT OF BIOLOGY 
NCUTIILAND COLLEGE 
ASHLAND. WI 54806 
(715)682^531 EXT 335 

WULFF. BARRY 
DEPT OF BIOLOGY 
EASTERN CONNSTATE UNW 
WILUMANTIC. Cr 06226 
(203)456-2231 

YOSinMURA. MICHAEL A 
DEPT OFBIOL SCIENCE 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO. C A 93407 
(805) 546-2466 

CELL BIOLOGY 

BATES.WILUAMK 
DEPT OF BIOLOGY 
UNIV OF NORTH CAROLINA 
GREENSBORO.NC 27412 
(919) 379-5391 

BERNSTHN. MAURICE H 
DEPT OF ANAT & CELL BIOL 
WAYNE STATE UNIV sai 

MEDIONE 
540ECANTIELD 
DETROIT. MI 48201 
(313)577-1029 

CREUrZ, CHARLES 
DEPTOFBIOLOGY 
UNTV OFTOLEDO 
TOLEDO. OH 43606 
(419)537-4159 

GRAY, F HARRIET 
IIOLUNS COLLEGE 
BOX 9616 

IIOLUNS COLLEGE. VA 24020 
(703) 362^543 

PRESCOTT. LANSING M 
DEPT OF BIOLOGY 
AUGUSTANA COLLEGE 
SIOUX FALLS. SD 57197 
(605)3364719 

IIEIDCAMP.WILUAM 
BIOUXjY DEPARTMENT 
GUSTAVUS ADOLPHUS COLL 
ST PETER. MN 56082 
(507)931-7;)25 



RALSTON. H J 

DEPT OF ANATOMY S.1334 

UNIV OF CALIFORNIA. SAN 

FRANCISCO 
3RD & PARNASSUS AVES 
SAN FRANCISCO. OA 94143 

(415) 476-1861 

SAVAGE. WAYNE 
DEPTOFBIOLOGY 
SAN JOSE STATE UNIV 
SAN JOSE. CA 95192 
(408)277-2355 

STENROOS. ORRIES O 
BIOLOGY DEPARTMENT 
LYNaiBURG COU^GE 
1501 LAKESIDE DRIVE 
LYNCHBURG. VA 24501 
(804)522-8362 

STONULARRIEE 
DANA COLLEGE 
BLAIR, NE 63008 
(402)426-4101 EXT 229 

WILLIAMS. WE 
DEPTOFBIOLOGY 
TRINrrYCO?.I^GE 
HARTFORD. CT 061 06 
(203)527-3151 EXT 570 

CHEMISTRY 

HESTON.WM 

CTR FOR NATURAL SCIENCES 
N^W YORK INST TEOI 
OLD WESTBURY. NY 1 1568 
(516)686-7665 

COMPUTERS/COMP LITERACY 
CHARDINE. DR JOHN W 
DEPT OF BIOL SCIENCES 
BROCK UNIVERSITY 
ST CATHARINES^ ONTARIO 
CANADA L2S 3A1 

(416) 688-5550 

CODY. RONALD 
DEPT OF ENVIRON & 
COMMUNITY MED 
RUTGERS MED SCHOOL 
PISCATAWAY.NJ 08854 
(201)463-4490 

CORBEIU ROBERT R 
DEPTS OF MATHEMATICS & 

COMPUT sa 

UNIV OF SAN DIEGO 
SAN DIEGO. CA 921 10 
(619) 260-4600 EXT 4459 

DUGGAN. ELEANOR L 

BIOLOGY DEPT 

UNIV OF N CAROLINA AT 

GREENSBORO 
ROOM 309. EBERHART BLDG 
GREENSBORO. NC 27412-5001 
(919)379-5839 

DURY.CARLG 

OFHCE OFCOMP & INFO 

SERVICES 
TEMPLE UNIV HLTH sa CTR 
3333 NO BROAD ST. RM 327 
PHILADELPHIA. PA 19140 
(215) 221-3479 

HOFMANN. WALLACE C 



DEPT OF PLANT SCIENCE 
UNIV OF ARIZONA 
BUILDING #36 
TUCSON. AZ 85721 
(60:) 621-1257 

KREIDER.DR DAVTDL 
DEPT OF ANIMAL SQENCES 
UNT V OF A RKANSAS 
FAYETTEVILLE. AR 72701 
(501)575-4870 

KRULUDR SARA 
SCHOOL OF NURSING 
ST LOUIS UNIV MED CTR 
ST LOUIS. MO 63104 
(314) 577-8903 

LEONG. KINGSTON 
DEPT OF BIOL SCIENCE 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO. CA ?3407 
(805) 546-2788 

UBEY.TERRY 

DEPT OF HEALTH CAREERS 

LANSING COMMUNITY 

COLLEGE 
419 N CAPITOL AVE 
LANSING. MI 48901-7211 

OLTJEN.JW 

DEPT OF ANIMAL SCIENCE 
OKLAHOMA STATE UNIV 
STILLWATER, OK 74078 
(405) 624-6670 

OWEN. WILUS L 
3224NROFF 

OKLAHOMA CITY. OK 731 12 
(405) 271-2229 

PARISI. ANTHONY J 

WRIGirr STATE UNIV SCHOOL 

OF MEDICINE 
DAYTON. OH 45401-0927 
(513) 376-6711 

POTTINGER^JAN 

RM2050MSC 

UNTV OF WISCONSIN AT 

MADISON 
MADISON. WI 53706 
(608)263-1595 

SCHAAD. DOUGLAS C 
DIVRESINMEDEDUC 
UNIV OF WASHINGTON SC-45 
SEATTLE WA 98195 
(206)543-9320 

SESSLER.AMY 
CURRICULAR SOFTWARE 

STUDIO 
TUFTS UNIVERSITY 
MEDFORD. MA 02155 
(61-;) 628-5000 EXT 2009 

SKAVARIU DR RUSSELL V 
DEPT OF GENETICS 
OHIO STATE UNIV 
COLUMBUS. OH 43210 
(614) 422-1310 

STRINGFELLOW. HART R 
DEPTOFDENTALEDUCATION 
UNIV OF FLORIDA COLLEGE 
OF DENTISTRY 



BOXJ-406JHMHC 
GAINESVILLE. FL 32610 
(904) 392-2674 

WETSTONE. SCOTT 
UNIV OF CONNECTICUT 

HEALTH CTR AM033 
FARMINGTON. CT 06032 
(203)674-3336 

ZAJICEK. GERSHOM 
MEDICAL COMPUTER 
HEBREW UNTVERSmr- 
HADASSAII MEDICAL 

SCHOOL 
P.O.BOX 1172 
JERUSALEM. ISRAEL 91010 
BITNET GERSHOM@HUJIMD 

CYTOGENETICS 

GRANT. WILUAM F 
GEN^CS LABORATORY 
PO BOX 4000 

MACDONALD CAMPUS OF 

McGILLUNIV 
STE ANNE DE BELLEVUE 
QUEBEC. CANADA H9X ICO 

CYTOLOGY 

GRANT. WILLIAM F 
GEN'ETICS LABORATORY 
PO BOX 4000 

MACDONALD CAMPUS OF 

McGILLUNIV 
STE ANNE DE BELLEVUE 
QUEBEC. CANADA H9X ICO 

KEETE. J RICHARD 
DEPT OF ANATOMY 
CASE WESTERN RESERVE 
UNIV 

CLEVELAND. OH 44106 
(216)368-2656 

DENTISTRY 

TOWNSEND. DcWAYNE 
SCHOOL OF DENTISTRY 
16-262 MOOS TOWER 
UNIVERSITY OF MINNESOTA 
MINN*EAPOUS. MN 55455 
(612)625-7467 

DEVELOPMENTAL BIOLOGY 
HEIDCAMP. WILLIAM 
BIOLOGY DEPARTMEI^ 
GUSTAVUS ADOLPHUS COLL 
ST PETER. MN 56082 
(507)931-7325 

RALSTON. lU 

DEPT OF ANATOMY S-1 334 

UNIV CALIFORNIA AT SAN 

FRANOSCO 
3RD & PARNASSUS AVES 
SAN FRANCISCO. CA 94143 
(415)476-1861 

STONE. .URRIEE 
DANA COLLEGE 
BLAIR. NE 68008 
(402)4264101 EXT 229 

voorhees.fr 
deptofbiology 

CENTRAL MISSOURI STATE 
UNIV 

WARRENSBURG. mo 64093 
(816)429-4933 
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AIMS AND SCOPE 



The goal of Computers in Life Science Education is to provide a means of communication 
among life sciencewiucators who anticipate or arc currenUy employing the computer as an 
educauonal tool. The range of content includes, but is not limited to. articles focusing on 
computer apphcations and their underlying philosophy, reports on faculty/student 
experiences with computers in teaching environments, and software/hardware reviews in 
both basic science and clinical education settings. 



INVITATION TO CONTRIBUTORS 



Articles consistent with the goals of Computers in Life Science Education are invited for 
possible publication in the newsletter. 

PREPARATION AND SUBMISSION OF MATERIAL 

Articles submitted for publication should not exceed 2000 words and should be typewritten 
double spaced, with wide margins. The original and two copies including two sets of figuni 
and tables should be sent to the Editor: Dr. Harold ModeU. NRCLSE. Mail Stop RC-70 
UniversityofWashington,Seattle.WA 98195. 

Title page should include full tiUc. list of authors, academic or professional affiliations, and 
complete address and phone number of the corresponding author. 

Illustrations should be submitted as original drawings in India ink or sharp, unmounted 
photographs on glossy paper. The lettering should be such that it can be legible after 
reducuon (width of one column = 5.7 cm). 

Reference style and form should follow the "number system with references alphabetized" 
descnbed m the Council of Biology Editors Style Manual. References should be listed in 
alphabetical order by the first author's last name, numbered consecutively, and cited in the 
text by these numbers. 

RESPONSIBILITY AND COPYRIGHT 

Authors are responsible for accuracy of statements and opinions expressed in articles AH 
authors submitting manuscripts wUl be sent a copyright transfer form to complete. The 
completed form must be returned before the work will be published 



SUBSCRIPTION INFORMATION 



Computers in Life Science Education is published monthly by National Resource for 
wTS^'c f ^""'^o"; MaU Stop RC-70. University of Washington. Seattle. 

WA 98195. Subscripuon rale is S30.00 for 12 issues, including postage and handling in the 
Umted States and Canada. Add S20.00 for postage (airmail) in Mexico and Europe L 
523.00 for the rest of the world. *^ 

TTiis newsletter has been registered with the Copyright Clearance Center. Inc Consent is 
given for copymgof articles for personal or internal use. or for the personal or iniemal use of 
specific clients. This consent is given on the condition that the copier pay through the Center 
the Per-copy fee stated in the code on the first page for copying beyond that pennitted by the 
U5 copyright Uw. If no code appears on an article, the author has not given broad consent 
to copy and permission to copy must be obtained directly from the author. This consent does 
not extend to other kmds of copying, such as for general distribution, resale, advertising and 
promotional purposes, or for creating new collective works. 

^^f\o^<^S'!:^^&^ of address, and claims for missing issues to NRCLSE. Mail Stop 
RC-70. University of Washington. Seattle. WA 98195. Claims for missing issues can be 
honored only up to three months for domestic addresses and six months for foreign 
addresses. Duplicate copies will not be sent to replace ones undelivered due to failure to 
notify NRCLSE of change of address. 

Address editorial correspondence to Harold I. Modell. PhD. NRCLSE, Mail Stop RC-70 
Umversity of Washington. Seattle. WA 98195. (BmJET MODELL@UWALOCKE) ' 

POSTMASTER: Send address changes to Computers in Life Science Education, NRCLSE 
Mail Stop RC-70. University of Washington, Seattle. WA 98195. 
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DIRECTORY - PART II 



NRCLSE 



The primary goal of the National Re- 
source for Computers in Life Science 
Education (NRCLSE) is to cultivate 
collaborative efforts among life science 
faculty interested in using the computer 
as a teaching tool. 

P'^ listing that follows is a continua- 
tiu. of the 1987-88 directory published 
last month. It is updated from the 
1986-87 directory and was drawn pri- 
marily from respondents to question- 
naires printed in CLSE. It is intended 
to help readers identify colleagues with 
common interest areas. 

The listings are arranged by the con- 
tent areas identified in response to the 
question, "What content areas do you 
teach?" As a result, entries may appear 



under more than one heading. 

Although every attempt has been 
made to ensure that the information is 
current and correct, it is likely that 
some errors appear in this Ust. We 
apologize in advance for any inconve- 
niences that may arise due to such 
oversights. The directory will be 
completed in next month's issue. 

If you are aware of other colleagues 
that should be listed, please send the 
pertinent information (name, address, 
phone number, BITNET address, 
teaching content area) to NRCLSE, 
Mail Stop RC-70, Univ. of Washing- 
ton, Seattle, WA 98195 or let us know 
via BITNET. NRCLSE's BITNET 
address is MODELL@UWALOCKE. 



ECOLOGY 

BEAVER, JAMES S 
DEFT OF AGRONOMY AND 
SOILS 

COLLEGE OF AGRIC SCI 
UNIV OF mJERTO RICO 
MAYAGUEZ, PR 00708 
(809) 834-4W0 EXT 2380 



BELLMER, SISTER EUZA. 
BETHH 
TRINFTY COLLEGE 
WASHINGTON. DC 20017 
(202)939-5190 

DOWKER, LESLIES 
DEPTOFBIOLSCIENCE 



CAL POLYFECH STATE 
UNIV 

SAN LUIS OBISPO, CA 
93407 

(805)546-2788 

BOYNTON,DRJOHNE 
ST JOSEPirS COLLEGE 



074^3233/88/$0.00 + ZOO 
O 



© 1988 BY NATIONAL RESOURCE FOR COMPUTERS IN LIFE SCIENCE EDUCATION 



18 



COMPUTERS IN LIFE SCIENCE EDUCATION. VOLUME 5. NUMBER 3. MARCH 1988 



155ROEBLVD 
PATCHOGUE. NY 11772 
(516)654-3200 

CACCAMISE» DONALD F 

DEFT OF ENTOMOLOGY 

RUTGERS UNIV 

NEW BRUNSWICK, NJ 08903 

(201)932-9459 

CALDWELL, DOUG 

DEFT OF APPLIED .NflCRO & 

FOOD sa 

UNIV OF SASKATaiEWAN 
S ASKATOON» SK S7N OWO 
CANADA 
(306)966-5026 

CAMERON, DAVID G 
DEFT OF BIOLOGY 
MONTANA STATE UNIV 
BOZEMAN,MT 59717 
(406)994-2670 

CHARDINE, DR JOHN W 
DEFT OF BIOL SCIENCES 
BROCK UNIVERSITY 
w . CATHAREs^, ONTARIO 
CANADA L2S 3A1 
(416)688-5550 

CHEW.FS 
DEPTOFBIOLCKSY 
TUFTS UNIV 
MEDFORD, MA 02155 
(617) 381-3189 EXT 3195 

CL0b"nER,C0N5AD 
DEPT OF BIOLOGY 
UNIVERSITY LAVAL 
QUEBEC 10. QUEBEC 
CANADA G1K7P4 
(418)656-3183 

COCKERHAM,BILL 
FRESNO PACIFIC COLLEGE 
FRESNO, OA 93702 
(209)453-2045 

CYR, ANDRE 
DEPTOFBIOUXry 
UNIV OFSHERBROOKE 
SHERBROOKE, QUEBEC 
CANADA J1K2R1 
(819) 821-7074 

DOYLE, JAMES 
DEFT OF BIOLOGY 
AQUINAS COLLEGE 
GRAND RAPIDS, MI 49506 
(616)459-8281 EXT 387 

DUDLEY, PATRICIA L 
DEFT OF BIOL SCIENCES 
BARNARD COLLEGE 
COLUMBIA UNIV 
3009 BROADWAY 
NEW YORK, NY 10027 
(212)250-2437 

FANNING, MARSHA E 
DEFT OF BIOLOGY 
LENOm-RHYNE COLLEGE 
IflCKORY, NC 28603 
(704)328-7270 

GAMBS, ROGER 
DEFT OF BIOL SCIENCE 
CALPOLYTEai STATE UNIV 
SAN LUIS OBISPO, CA 93407 
(805)546-2551 



GILES, ROBERT HJr 
DEFrOFFlSHERIES& 

WILDLIFE SCIENCE 
VIRGINTA POLYTECH INST & 

STATE UNIV 
BLACKSBURG,VA 24061 
(703)961-5910 

HILTON, DONALD EJ 
DEFT OF BIOL SCIENCE 
BISHOPS UNIV 
LENNOX VnXB, QUEBEC 
CANADA JIM 127 
(819)569-9551 

HOLLAND, VL 

DEFT OF BIOL SCIENCE 

CAL POLYTECH STATE UNIV 

SAN LUIS OBISFO, CA 93407 

(805)546-2789 

JOHNSON, DAVID W 
DEFT OF BIOLOGY 
CONCORDIA COLLEGE 
MOORHEAD, MN 56560 
(218)299-3085 

JOHNSON, IVAN M 
DEFT OF BIOLOGY 
CONCORDIA COLLEGE 
MOORHEAD, MN 56560 
(218)299-3085 

KESLER, DAVID H 
DEFT OF BIOLOGY 
RHODES COLLEGE 
MEMPHIS,TN 38112 
(901) 726-3557 

NOVEMSKY,USA 
NEW JERSEY INST TECH 
NEWARK, NJ 071 02 
(201)596-3253 

ROBBINS, DR HERBERT C 
DALLAS BAPnSTUNIV 
DALLAS,TX 7521 1-9800 
(214)333-5302 

SCHADLER, DANIEL L 
DEFT OF BIOLOGY 
OGLEinORPEUNIV 
4484 PEAOTTREE ROAD NE 
ATLANTA, GA 30319-2797 

SCHWARTZ, ORLANDO A 
DEFT OF BIOLOGY 
UNIV OF NORTHERN IOWA 
CEDAR FALLS, lA 50614 
(319)273-2106 

SHAH, MI 

DEFT OF SCIENCE & MATH 
RUST COLLEGE 
HOLLY SPRINGS, MS ?8635 
(601)252-4661 

SINGLETAR Y, ROBERT L 
DEFT OF BIOLOGY 
UNIV OF BRIDGEPORT 
BRIDGEPORT, CT 06601 
(203)576^1265 

SLOEY, WILLIAM E 
DEFT OF BIOL/MICROBIOL 
UNIV OF Wise AT OSHKOSH 
OSHKOSH,WI 54901 
(414)424-3068 

SNOW, MICHAEL D 
DEFT OF PHYS & LIFE SCI 



UNTVERSTFY OF PORTLANT) 
500 N WILLAMETTE BLVD 
PORTLAND, OR 97203 
(503)283-7175 

STANTON, GEORGE E 
DEFT OF BIOLOGY 
COLUMBUS COLLEGE 
COLUMBUS, GA 31993 
(404)568-2065 

UNGAR,IRWINA 
DEFT OF BOTANY 
OHIO UNIV 
ATHENS, OH 45701 

VAN AMBURG, GERALD L 
DEFT OF BIOLOGY 
CONCORDIA COLLEGE 
MOORHEAD, MN 56560 
(218)299-3085 

WALTERS, DIRK R 

DEFT OF BIOLOGY 

CAL POLYTECH STATE UNIV 

SAN LUIS OBISPO, CA 93407 

(805)546-2721 

WEISS, DR EDWARD 
<3IRIST0PHER NEWPORT 
COLLEGE 
50 SHOE LANE 
NEWPORT NEWS, VA 23606 
(804)599-7014 

WERNER, J KIR WIN 
DEFT OF BIOLOGY 
NORTHERN MICHIGAN UNIV 
MARQUETTE, MI 49855 
(906)227-2310 

WOLF, THOMAS M 
DEFT OF BIOLOGY 
WASHBURN UNIV OF TOPEKA 
TOPEKA,KS 66621 
(913)295-6768 

WULFF, BARRY 
DEFT OF BIOLOGY 
EASTERN CONN STATE UNIV 
WnXIMANnC, CT 06226 
(203)456-2231 

EDUCATION 

GROBMAN,HULDA 
ST LOUIS UNIV SCH MED 
STLOUIS, MO 63104 
(314)577-8645 

KERBESHIAN,LYNN 
UNIV OF NO DAK SCH MED 
CMEE MED SCIENCE NO 
GRAND FORKS, ND 58201 
(701)777-3833 

KROGUIX, STEVEN 
DEFT OF EDUC SERVICES 
MEDICAL COLLEGE OF WISC 
MILWAUKEE, WI 53226 
(414)257-8546 

McCRADY,WILUAM 
SCIENCE LEARNING CTR 
UNIV OF TEXAS AT 
ARLINGTON 
BOX 19389 

ARLINGTON, TX 76019 
(817)273-2129 

ELECTTRON MICROSCOPY 
SAVAGE, WAYI^ 



DEFT OF BIOLOGY 
SAN JOSE STATE UNIV 
SANJOSECA 95192 
(408)277-2355 

EMBRYOLOGY 

BELLMER, SISTER ELIZA- 
BETH H 
TRINITY COLLEGE 
WASHINGTON. DC 20017 
(202)939.5190 

BEPJ^STEIN, MAURICE H 
DEFT OF ANAT & CELL BIOL 
WAYNE STATE UNIV SCH 
MEDICINE 
540ECANFIELD 
DETROFT, MI 48201 
(313)577-1029 

FEEBACK, DANIEL 
DEFT OF ANATOMICAL SQ 
UNIV OF OKLA HLTH sa CTR 
PO BOX 26901 BMSB540 
OKLAHOMA CITY, OK 73190 
(405) 271-2377 

HARRIS, THOMAS M 
DEFT OF ANATOMY 
MED COLLEGE OF VIRGINL\ 
RICHMOND, VA 23298*0001 
(804)789-9534 

HnJJARD, STEPHEN 
DEFT OF BIOLOGY 
BALDWIN- WALLACE COLL 
BEREA,OH^>4017 
(216)826-2265 

KESSLER, SISTER IRMA 
DEFT OF BIOLOGY 
COLLEGE OF ST ELIZABETH 
CONVENT STATION, NJ 07961 
(201)539-1600 

MEYERS, PAUL E 
DEFT OF BIOL CHEM& 

STRUCT 
THE CHICAGO MED SQIOOL 
3333 GREEN BAY RD 
NORTH CHICAGO, IL 60064 
(312) 578-3000 EXT 458 

ROBBINS, DR HERBERT C 
DALLAS BAFnSTUNIV 
DALLAS.TX 75211-9800 
(214)333-5302 

ENDOCRINOLOGY 
CHAVEZ. R SCOTT 
PA PROGRAM 

UNI V OF NEBRASKA MEL CTR 
OMAHA.NE 68105 
(402)559-5266 

JEGLA, THOMAS C 
DEFT OF BIOLOGY 
KENYON COLLEGE 
GAMBIER, OH 43022 
(614) 427-2244 

GRAY, F HARRIET 
HOLUNS COLLEGE 
HOLUNS COLLEGE, VA 24020 
(703)362-6543 

RAWTTCH. ALLEN B 
DEFT OFBIOaiEMISTRY 
UNIV KANSAS MED CTR 
KANSAS CITY, KS 66103 
(913)588-6957 
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SAGE, MARTIN 
DEFT OF BIOLOGY 
UNIV OF MISSOURI AT ST 
LOUIS 
ST LOUIS, MO 63121 
(314)553^218 

SaiMIDT, THOMAS J 

DEFT OF PIIYSIOL & BIOPIIYS 

UNIV OF IOWA 

5-432 BOWEN SCIENCE BLDG 

IOWA CITY, lA 52242 

(319)353-4018 

WOLF,RiaiARDC 
DEFT OF PHYSIOLOGY 
UNIV OF WISCONSIN 
MADISON, WI 53706 
(608)262-2939 

ZIMMERMAN, JAY 
DEFT OF BIOL SCIENCES 
ST JOHN'S UNIV 
GRAND CENTRAL & UTOPL\ 
PKWS 
NEW YORK, NY 11439 
(718)990-6161 EXT5233 

ENTOMOLOGY 

CLOUTIER, CONRAD 
DEPT OF BIOLOGY 
UNIVERSITY UVVAL 
QUEBEC 10, QUEBEC 
CANADA G1K7F4 
(418)656-3183 

FARRIER, MH 

DEFT OF ENTOMOLOGY 

N. CAROLINA STATE UNIV 

RALEIGH, NC 27695-7613 

(919)737-2833 

HAMAN,AC 

DEPT OF BIOLOGY 

UNIV OF NORTHERN IOWA 

CEDAR FALLS, L\ 50614 

(319)273-2726 

HILTON, DONALD FJ 
DEPT OF B lOL SCIENCES 
BISHOFS UNIVERSITY 
LENNOXVILLE, QUEBEC 
CANADA JIM 1Z7 
(819)569-9551 

JOHNSON, DONNT 
DEPT OF ENTOMOLOGY 
UNIV OF ARKANSAS 
FAYEFTEVILLE, AR 72701 
(501)575-2451 

LAMP,WILUAM 
DEPT OF ENTOMOLOGY 
UNIV OF MARYLAND 
COLLEGE PARK, MD 20742 
(301)454-5875 

LEONG, KINGSTON 
DEPT OFBIOL SCIENCE 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO, CA 93407 
(805)546-2788 

MUSICK.GJ 

DEPT OF ENTOMOLOGY 

UNI V OF A RKANSAS 

FAYETTEVILLE, AR 72701 

(501)575-2451 

ODE, PHILIP 
DEPT OF BIOLOGY 



THIEL COLLEGE 
GREENVILE, PA 16125 
(412)588-7700 

PICKERING, JOHN 
DEFT OF ENTOMOLOGY 
UNIVOFGEORGL\ 
ATHENS, GA 
(404)542-2816 

WILLIAMS, STANLEY C 
DEFT OF BIOL SCIENCES 
SAN FRANCISCO STATE UNIV 
SAN FRANCISCO, CA 94132 

ENVIRONMENTAL SCIENCE 
FORTNER. ROSANNE 
OHIO STATE UNIV 
SCHOOL OF NAT RESOURCES 
COLUMBUS, OH 43210 
(614)422-2265 

SABOSKI, ELEANOR M 
NEW EN(}LAND COLLEGE 
HENNIKER,NH 03242 
(6t>3) 428-2374 

SNOW, MICHAEL D 
DEPT OF PHYS & LIFE SCI 
UNIV OF PORTLAND 
500 N WILLAMETTE BLVD 
PORTLAND, OR 97203 
(503)283-7175 

EPIDEMIOLOGY 
KLAAS,JUDYC 
DEPT OF BIOLOGY 
FRAMINGHAM STATE COLL 
FRAMINGHAM, MA 01701 
(617) 620-1220 EXT 459 

EVOLUTION 

CARICO, JAMES E 
DEFT OF BIOLOGY 
LYNCHBURG COLLEGE 
LYNaiBURG,VA 24501 
(804)522-8366 

DEPT OF BIOLOGY 
TUFTS UNIV 
MEDFORD, MA 02155 
(617) 381-3189 EXT3195 

FANNING, MARSHA E 
DEPT OF BIOLOGY 
LENOIR-RHYNE COLLEGE 
HICKORY, NC 28603 
(704) 328-7270 

FERNER,JOHNW 
DEPT OF BIOLOGY 
THOMAS MORE COLLEGE 
CRESTVIEWHILLS,KY41017 
(606)344-3374 

(}ORMAN,MARK 
BALDWIN-WALLACE COLL 
BEREA, OH 44017 
016)826-2217 

ODE, PHILIP 
DEPT OF BIOLOGY 
THIEL COLLEGE 
GREENVILE, PA 16125 
(412)588-7700 

SEAGER, BOB 
DEPT OF BIOLOGY 
UNIV OF NORTHERN IOWA 
CEDAR FALLS, L\ 50614 



(319)273-2670 

STANSFIELD, WILLMM 
DEFT OF BIOL SCIENCE 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO, CA 93407 
(805)546-2875 

STANTON, GEORGE E 
DEPT OF BIOLOGY 
COLUMBUS COLLEGE 
COLUMBUS, GA 31993 
(404)568-2065 

WILUAMS,WE 
DEFT OF BIOLOGY 
TRINITY COLLEGE 
HARTFORD, CT 06106 
(203)527-3151 EXT,570 

FAMILY PRACTICE 
PARISI, ANTHONY J 
WRIGHT STATE UNIV SCH 
MEDICINE 

DAYTON, OH 45401-0927 
(513)376-6711 

HSHERIES 

WHAULS. MARVIN J 
DEPT OF BIOL SCIENCE 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO, CA 93407 
(805)546-1357 

GASTROENTEROLOGY 
BARDE, CHRISTOPHER J 
GI UNIT, VA MED CTR 
4100WTHIRDST 
DAYTON, OH 45428 
(513)268-6511 

GENETICS 

ASHTON, GEOFFREY C 
DEPTOFGENEnCS 
UNIVOFHAWAH 
1960 EAST-WEST ROAD 
HONOLULU, HI 968,'i2 
(808) 948-$>52 

BELLMER, SISTER ELIZA- 
BETH H 
TRINITY COLLEGE 
WASHINC5T0N, DC 20017 
(202)939-5190 

BERNSTEIN, MAURICE H 
DEPT OF ANAT & CELL BIOL 
WAYNE STATE UNIV SCH(X)L 

OFMEDiaNE 
DETROIT, MI 48201 
(313)577-1029 

BLACK, JOE B 
DEPT0FBI0LCX5Y 
LOUISIANA COLLEGE 
LOUISIANA COLLEGE 

STATION 
PINEVILLE, LA 71359 
(318)487-7611 

BOYNTON,DRJOHNE 
ST JOSEPHS COLLEGE 
155 ROE BLVD 
PATQIOGUE. NY 11772 
(516)654-3200 

CAMERON, DAVID G 
DEPT OF BIOLOGY 
MONTANA STATE UNIV 
BOZEMAN,MT 59717 
(406)994-2670 



CARICO, JAMES E 
DEPT OH BIOLOGY 
LYNCHBURG COLLEGE 
LYNCHBURG, VA 24501 
(804) 522-8366 

CORBEIL, ROBERT R 

DEPT OF MATH & COMPUT SCI 

UNJV OF SAN DIEGO 

SAN DIEC}O,CA92110 

(619) 2604600 EXT 4^ 

DAVIS, THOMAS M 
DEPT OF PLANT SCIENCE/ 

GENETICS 
UNIV OF NEW HAMPSHIRE 
DURHAM, NH 03824-3597 
(603) 862-3217 

DICKINSON, WINIFRED 
DEPTOFBIOLCKjY 
UNIV OF SFEUBENVILLE 
STEUBENVILLE, oh 43952 
(614) 283-3771 

DOYLE. JAMES 
DEPT OF BIOLOGY 
AQUINAS COLLEGE 
GRAND RAPIDS. MI 49506 
(616)459 8281 EXT 387 

FREED, DR JAMES M 
DEPT OF ZOOLOGY 
OHIO WESLEYAN UNIV 
DELAWARE, OH 43015 
(614)369-4431 EXT 400 

GORMAN, MARK 
BALDWIN-WALLACE COLL 
LIFE SCIENCE BLDG 
BEREA, OH 44017 
(216)826-2217 

GRANT, WILLIAM F 

GENETICS LABORATORY 

P.O. BOX 4000 

MACDONALD CAMPUS 

McGILLUNIV 

STE ANNE DE BELLEVUE 

QUEBEC H9X ICO CANADA 

HEDMAN, STEPHEN C 
DEPT OF BIOLOGY 
221 LIFE SCI BLDG 
UNIV OF MINNESOTA 
2400 OAKLAND AVE 
DULUTH.MN 55812 
(218) 726-8122 

JOHNSON, DAVID W 
DEPT OF BIOLOGY 
CONCORDIA COLLEGE 
M(X)RHEAD, MN 56560 
(218)299-3085 

JOHNSON, IVAN M 
DEPT OF BIOLOGY 
CONCORDL\ COLLEGE 
M(X)RHEAD, MN 56560 
(218)299-3085 

KRAUSE,DREUOT 
DEFTOFBIOLCKjY 
SETON HALL UNIV 
SOUTH ORANGE, NJ 07079 
(201)761-9532 

LA BAR, MARTIN 
CENTRAL WESLEYAN 
COLLEGE 
CENTRAL, SC 29630 
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(803)639-2453 

NICKLA, HARRY 
DEPT OF BIOLOGY 
CREIGirrONUNIV 
OMAIIA.NE 68178 
(402)280-2811 

PIPERBERG. JOELB 
DEPT OF BIOLOGY 
SIMMONS COLLEGE 
300 THE FENWAY 
BOSTON, MA 021 15 
(617)738-2196 

SEAGER, BOB 

DEPT OF BIOLOGY 

UNIV OF NORniERN IOWA 

CEDAR FALLS. L\ 50614 

(319)273-2670 

SHAH. MI 

DEPT OF SCIENCE & MATH 
RUST COLLEGE 
HOLLY SPRINGS, MS 38635 
(601) 252-4661 

SKAVARIL, DR RUSSELL V 
DEPTOFGENEnCS 
OHIO STATE UNIV 
COLUMBUS, OH 43210 
(614)42M310 

STANSFIELD, WILUAM 
DEPT OF BIOL SCIENCE 
GAL POLYTECH STATE UNIV 
SAN LUIS OBISPO, CA 93407 
(805)546-2875 

STONE, L-^RRIEE 
DANA COLLEGE 
BLAIR, NE 68008 
(402)426-4101 EXT 229 

TAUB,STEPHANR 
DEPT OF BIOLOGY 
GEORGE MASON UNIV 
FAIRFAX, VA 22030 
(703)323-2181 

TORRES, ANDREW M 
DEPT OF BOTANY 
UNIV OF KANSAS 
LAWRENCE, ES 66044 
(913) S644257 

VAN AMBURG, GERALD L 
DEPT OF BIOLOGY 
CONCORDL\ COLLEGE 
MOORHEAD.MN 56560 
(218)299-3085 

VERCH. RICHARD 
DEPT OF BIOLOGY 
NORnCLAND COLLEGE 
ASHLAND, WI 54806 
(715) 6824531 EXT 335 

WALKER. RICHARD 
STERLING COLLEGE 
STERLING, KS 67579 
(316)278-2173 

WIUIFLM, DALLAS 
DEPT OF BIOLOGY 
HASTINGS COLLEGE 
HASTINGS, NE 68901 
(402) 463-2402 EXT 264 

WOLF.TIIOMASM 
DEPT OF BIOLOGY 



WASHBURN UNIV OFTOPEKA 
1700 COLLEGE AVE 
fOPEKA.KS 66621 
(913)295-6768 

HEMATOLOGY 

GRADY, DAVID V 
DEPT OF BIOL SCIENCES 
CALPOLYTEQI STATE UNIV 
SAN LUIS OBISPO, CA 93407 
(805)546-2883 

KEETE, J RICHARD 
DEPT OF ANATOMY 
CASE WESTERN RESERVE U 
CLEVELAND, OH 441 06 
(216)368-2656 

HISTOLOGY 
ADAMS. DON 

DEPT OF VETERINARY ANAT 
IOWA STATE UNIV 
AMES, lA 50011 
(515)294-7710 

BENNETT. THOMAS E 
DEPT OF BIOLOGY 
BELLARMINE COLLEGE 
NEWBURGROAD 
LOUISVILLE. KY 40205 
(502)452-8198 

BERNSTEIN. MAURICE H 
DEPT OF ANAT & CELL BIOL 
WAYNE STATE UNIV SCHOOL 

OF MEDICINE 
DETROIT. MI 48201 
(313)577-1029 

BIj\CK,JOEB 
DEPT OF BIOLOGY 
LOUISL\NA COLLEGE 
LOUISL\NA COLLEGE 
STATION 
PINEVHJLE. LA 71359 
(318)487-7611 

HAKIM, RAZIELS 
DEPT OF ANATOMY 
COLLEGE OF MEDICINE 
HOWARD UNIV 
WASHINGTON. DC 20059 
(202)636-6555 

HARRIS, THOMAS M 
DEPT OF ANATOMY 
MEDICAL COLL OF VIRGINL\ 
BOX 709 

RICHMOND, VA 23298-0001 
(804)789-9534 

HERRON.MARYA 
BIOMED LEARNING RES CTR 
COLLEGE VET MED 
TEXAS A&M UNIV 
COLLEGE STATION, TX 77843 
(409)845-1780 

JENSH, RONALD P 
DEPT OF ANATOMY 
JEFFERSON MEDICAL 
COLLEGE 
1200 LOCUST ST 
PHILADELPHIA, PA 19107 

(215) 928-6633 

KEETE. J RICHARD 
DEPT OF ANATOMY 
CASE WESTERN RESERVE U 
CLEVELAND. OH 441 06 

(216) 368-2656 



KESSUER, SISTER IRMA 
DEPT OF BIOLOGY 
COLLEGE OF ST ELIZABETH 
CONVENT STATION, NJ 07961 
(201)539-1600 

MEYERS. PAUL H 
DEPT OF BIOL CHEM& 
STRUCT 
THE CHICAGO MED SQI 
3333 GREEN BAY RD NORTH 
CHICAGO IL 60064 
(312) 578-3000 EXT 458 

MICKUS.JOHN 
DEPT OF BIOLOGY 
ILLINOIS BENEDICTINE COLL 
USLE.il 60532-0900 
(312) 960-1500 EXT509 

PADAWER, JACQUES 
DEPT OF ANAT & STRUCT 

BIOLOGY 
ALBERT EINSTEIN COLLEGE 

OF MEDICINE 
BRONX. NY 10461 
(212)430-3057 

PALT-SEN. DOUGLAS F 
DEPT OF ANATOMY 
MOREHOUSE SCH OF MED 
720WESTVIEWDR SW 
ATLANTA, GA 30310 
(4(W) 752-1559 

VOORHEES, FRANK RAY 
DEPT OF BIOLOGY 
CENTRAL MISSOURI STATE 
UNIV. WCM 306 
WARRENSBURG, MO 64093 
(816)4294933 

WnJUSTON, JOHNS 

DEPT OF BIOLOGY 

SAN FRAiraSCO STATE UNIV 

1600HOLLOWAY AVE 

SAN FRANQSCO, CA 94132 

(415) 584-5319 

IMMUNOLOGY 

ALBRTTTON. WILLL\M L 
DEPT OF MICROBIOLOGY 
UNIV OF SASKATCHEWAN 
SASKATOON, SK S7N OWO 
CANADA 
(306)9664306 

BAUR.JOHNM 
DEPT OF BIOLOGY 
BRESCIA COLLEGE 
120 WEST SEVENTH ST 
OWENSBORO, KY 42301 
(502) 685-31 31 EXT 276 

CREUrZ, CHARLES 
DEPT OF BIOLOGY 
UNIVOFTOLEDO 
2801 W BANCROFT ST 
TOLEDO, OH 43606 
(419)5374159 

HALL. LEO 

PHILLIPS UNIV 

BOX 2000 UNIV STATION 

ENID, OK 73702 

(405) 237-4433 EXT 398 

LA BAR, MARTIN 
CENTRAL WESLEYAN COLL 
CENTRAL.se 29630 
(803) 639-2453 



SPITZNAGEL, DR JOHN K 
DEPT OF NflCROBIOLOGY & 

IMMUNOLOGY 
EMORY UNIV saiOOLOP 

MEDICINE 

502 WOODRUFF MEM BLDG 
ATLANTA, GA 30322 

(404) 727-5947 

STANSFIELD. WILUAM 
DEPT OF BIOL SCIENCE 
CAL POLYTECH STATE \JSIW 
SAN LUIS OBISPO. CA 93407 
(805)546-2875 

VOORHEES, FRANK RAY 
DEPTOFBIOLCXjY 
CENTRAL NflSSOURI STATE 
UNIV. WCM 306 
WARRENSBURG, MO 64093 
(816)4294933 

WOLF. THOMAS M 
DEPT OF BIOLOGY 
WASHBURN UNIV OFTOPEKA 
1700 COLLEGE AVE 
TOPEKA.KS 66621 
(913)295-6768 

INSTRUCTIONAL DESIGN 
HEESTAND, DIANE 
LEARNING RESOURCES 
MERCER SCH OF MEDICINE 
MACON. GA 31207 
(912)744-4026 

INTERNAL MEDICINE 
BETESH.DRJOEL 
LAWRENCE PARK MEDICAL 
OFHCE 

2000 SPROUL ROAD 
BROOMAU-. PA 19008 
(215)359-1355 

TALLEY. ROBERT C 
UNIV OF SOUTH DAKOTA 
2501 W22ND ST 
SIOUX FALLS, SD 57101 
(605)339-6790 

WAIVERS, LEGE 
UNWERSTTY HOSPITAL 
NEW JERSEY MED sai 
100 BERGEN ST 
ROOM 1-247 
NEWARK, NJ 071 03 
(201)456-6057 

LIMNOLOGY 

WHALLS, MARVIN J 
DEPT OF BIOL SQENCE 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO, CA 93407 
(805)546-1357 

UVESTOCK PRODUCTION 
OLTJEN,JW 

DEPT OF ANIM.\L SCIENCE 
OKLAHOMA STATE UNIV 
STILLWATER. OK 74078 

(405) 624-6070 

MARINE SCIENCE 

BOYNTON.DRJOHNE 
ST JOSEPH'S COLLEGE 
155ROEBLVD 
PATCHOGUE. NY 11772 
(516)654-3200 

FORTNER.ROSANNE 
OHIO STATE UNIV 
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SCHOOL OF NATURAL 
RESOURCES 
2021 COFFEY ROAD 
COLUMBUS, OH 43210 
(614) 422-2265 

SINGLETARy, ROBERT L 
DEPT OF BIOLOGY 
UNIV OF BRIDGEPORT 
BRIDGEPORT, Cr 06601 
(203) 5764265 

MEDICAL TECHNOLOGY/ ASS'T 
GPADY, DAVID V 
DEPT OF BIOL SCIENCES 
CAJL POLYTECH STATE UNIV 
$4.^ LUIS OBISPO, CA 93407 
(805)546-2383 

FLAAS^JUDYC 
DEPT OF BIOLOGY 
FRAMINGHAM STATE COLL 
BOX 2000 

FRAMINGHAM, MA 01701 
(617) 620-1220 EXT 459 

ZbiiTER, SHIRLEY 
DAVENPORT COLLEGE 
415 EAST FULTON 
GRAND RAPIDS. MI 49503 
(616)451-3511 

MICROANATOMY 
FEEBACK, DANIEL 
DEPT OF ANATOMICAL SCI 
UNIV OKLA HEALTH SCI CTR 
PO BOX 26901 BMSB540 
OKLAHOMA CITY, OK 73190 
(405)271-2377 

MICROBIOLOGY 

ALBRITTON, WILUAM L 
DEPT OF MICROBIOLOGY 
UNIV OF SASKATCHEWAN 
SASKATOON, SK S7N OWO 
CANADA 
(306) 966-4306 

BAURJOHNM 
DEPT OF BIOLOGY 
BRESOA COLLEGE 
OWENSBORO.KY 42301 
(502)68<.3131EXT276 

CALDWELL. DOUG 
DEPTS OF APPLIED MICRO- 
BIOLOGY & FOOD SCIENCE 
UNIV OF SASKATQIEWAN 
SASKATOON. SK S7N OWO 
CANADA 
(306) 966-5026 

DILLEHAY. DRJANE 
DEPT OF BIOLOGY 
GALLAUDET COLLEGE 
WASHINGTON. DC 20002 
(202)651-5531 

DOYLE. JAMES 
DEPT OF BIOLOGY 
AQUINAS COLLEGE 
GRAND RAPIDS. MI 49506 
(616)459-8231 EXT 387 

EISENSTARK.A 
DEPT OF BIOL SCIENCE 
UNTV OF MISSOURI 
COLUMBIA, MO 65211 
(314) 882-7098 

ELDER. DR BETTY 



DEPT OF BIOLOGY 
GEORGL\ SOUTHWESTERN 
COLLEGE 
AMERICUS.GA 31709 
(912)928-1250 

GIBSON. UNDA 
DEPT OF BIOLOGY 
EASTERN WASH UNIV 
CHENEY. WA990(W 
(509) 359-2845 

GRADY. DAVID V 
DEPT OF BIOL SCIENCES 
CAL lOLYTECH STATE UNTV 
SA F LUIS OBISPO, c A 93407 
(JJO:0546-2S83 

HALL. LEO 

PIULUPSUNIV 

BOX 2000 UNTV STATION 

ENID, OK 73702 

(405) 237-4433 EXT 398 

HEIMBROOK, MARGARET E 
DEPT OF BIOL SCIENCES 
UNIV OF NORTHERN COLO 
GREELEY, CO 80639 
(303) 351-2644 

HODGSON, DR LYNN M 
NORTHERN STATE COLLEGE 
BOX 673 

ABERDEEN. SD 57401 
(605)222-2432 

KLAAS.JUDYC 
DEPT OF BIOLOGY 
FRAMINGHAM STATE COLL 
BOX 2000 

FRAMINGHAM. MA 01701 
(617) 620-1220 EXT 459 

KRUSE.ANNAC 
CABRINI COLLEGE 
RADNOR. PA 1 9037 
(215) 687-2100 

NIERUai. DONALD P 
DEPT OF MI(310BIOLOGY 
UCLA 

UFE SCIENCES 5304 
LOS ANGELES. CA 90024 
(213) 825-6720 

PARKER. CHARLOTTE D 
DEPT OF MI(310BIOLOGY 
SCHOOL OF MEDICINE 
UNTV OF MISSOURI M264 
COLUMBL\. MO 65212 
(314) 882-8152 

PRESCOriT. LANSING M 
DEPT OF BIOLOGY 
AUGUSTANA COLLEGE 
29TH AND S SUMMIT 
SIOUX FALLS. SD 57197 
(605) 3364719 

REDD, MRS THOMASINA 
DEPT CF NATURAL SCIENCE 
ALDERSON-BROADDUS 
COLLEGE 
BOX 517 

PHILIPPI.WV 26416 
(304) 457-1700 EXT 243 

SABOSKI. ELEANOR M 
NEW ENGLAND COLLEGE 
HENNIKER, NH 03242 
(603)428-2374 



SCHADLER. DANIEL L 
DEPT OF BIOLOGY 
OGLETHORPE UNTV 
4484 PEACirmEE ROAD NE 
ATLANTA. GA 30319-2797 
(404)261-1441 EXT403 

SINNAMON.WALT 
CENTRAL Vi'ESLEYAN COLL 
BOX 443 

CENTRAL.se 29630 
(803) 639-2453 EXT 356 

SOBIESKI.ROD 
DEPT OF BIOLOGY 
EMPOPJA STATE UNIV 
1200COMMERaAL 
EMPORU.KS 66801 
(316) 343-1200 EXT 5620 

SOTINEK. HENRY M 
DEPT OF MED TEQINOLOGY 
GEORGL\ STATE UNTV 
ATLANTA. GA 30303 
(404)658-3034 

SPENCE. LESLIE 

18 INEZ COURT 

WnXOWDALE. ONT M2M 1 C2 

CANADA 

(416)595-3079 

SPFITNAGEL, DR JOHN K 
DEPT OF MICROBIOLOGY & 
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APPLE //e MEDIATED 
WORKSTATIONS IN THE 
UNDERGRADUATE 
PHYSIOLOGY LABORATORY 

Michael A. Kolitsky 

Department of Biological Sciences, California Lutheran University, 
Thousand Oaks, California 



Several years ago, the National Science 
Foundation established the College Sci- 
ence Instrumentation Program (CSIP) 
to upgrade laboratory instrumentation 
in undergraduate science education. I 
was the principle investigator for a 
CSIP award in 1985 («CSI-8557398) 
that permitted me to assemble five 
Apple //c-mcdiatcd v/orkstations for 
use in my physiology laboratories. The 
workstation concept exploited the idea 
that a microcomputer, when linked to 
an appropriate environmentally sen- 
sitive interface, could be transformed 
into a versatile, data-gathering labora- 
tory instrument.^' I developed soft- 
ware to permit use of the Apple //e 



monitor screen as a strip chart recorder 
and, when the desired screen image 
was obtained, students could employ a 
dot-matrix printer to make hard copies 
of the graphics screen for their lab 
notebooks. By simply changing the 
interface or the controlling software, a 
single workstation could be made to act 
like many single-function laboratory 
insirumenis. For example, my students 
have used an inexpensive, self-con- 
structed photosensitive interface to 
transform the Apple //e into a transmis- 
sion densitometer to study red blood 
cell hemolysis,' a kymograph to inves- 
tigate frog skeletal muscle contraction,' 
a pneumograph to investigate human 



ERIC 



0742'3233/SS/$0.00 -1-2.00 



© 1988 BY NATIONAL RESOURCE FOR COMPUTERS IN UFR SQENCE EDUCATION 



26 



COMPUTERS IN LIFE SCIENCE EDUCATION. VOLUME 5, NUMBER 4. APRIL 1988 



respiratory mechanics and a device 
to measure human reaction time in 
response to audio or visual stimuli. 
Several types of commercially avail- 
able interfaces were also employed to 
allow the Apple //e to act as a pH meter 
(HRM Software, 175 Tompkins Ave, 
Pleasantville, New York 10570) and a 
digital oscilloscope (W.H. Nail Co, 
1096 C oro Dam Blvd., Oroville, CA 
95965) for electrophysiological studies. 
For an excellent description of the use 
of the Apple as a digital storage oscil- 
loscope, I refer you to a report by Mary 
Coyne.* 

In this report, I would like to focus on 
the photosensitive interface and its ap- 
plication in the undergraduate physio- 
logy laboratory. Thesimplicity of the 
photosensitive interface may be seen in 
the diagram of the schematics shown in 
Figure 1. AnFPT-lOOphototransistor 
is used to measure light intensity by 
changes in resistance. A 16 pin Dual 
Input Plug (DIP) is used to connect the 
collector pin and the emittor pin of the 
phototransistor to the +5 Volt and 
ground pins of the Apple game VO 
connector. The DIP and phototransis- 
tor plus the "breadboard" (microcircuit 
board) which hold the components cost 
under $20.00 to construct and car be 
obtained from local or regional elec- 
tronics suppliers. 

SOFTWARE DESIGN 

Applesoft BASIC was used to write the 

data sampling and display programs for 




16 PIN DIP 

CONNECTOR 
1 6 



f«-3V fCCO 



FIGURE L Schematic for photosensitive 
interface. A view of the underside of an 
FFT-lOO phototransistor (upper right) 
showing placement of the pins and their 
connection to the DIP connector. E=emitter 
pin, B=base pin, C=collector pin. Pin 1 of 
the DIP is the +5 volt source, and pin 6 is 
the ground (CCD) connection. 



all experiments in this report. These 
programs cause the monitor screen to 
act like a strip chart recorder by draw- 
ing a single trace across the high reso- 
lution graphics screen from left to right. 
In order to do this in BASIC, the state- 
ment Y = PDL(0) was used to sample 
the interface resistance reading and 
return a value ranging from 0 to 255. 
The value for Y determines the pixel to 
be lit on the vertical axis of the graph- 
ics screen. The movement of the trace 
from left to right is driven by FOR- 
NEXT loop statements that increase the 
value of X by one each time the loop is 
executed. When the statement, HPLOT 
X,Y, is included within the FOR- 
NEXT loop, pixels are lit in sequence 
from left to right to simulate a strip 
chart recording. 

A Grappler card in expansion slot 4 
connects to a dot-matrix printer and 
gives students the option to print the 
high resolution graphics screen in the 
desired format. Selected screens may 
also be saved m floppy disk files for 
review at a later time. 

STUDENT APPLICATIONS 
Students used the photosensitive inter- 
face as a transmission densitometer for 
two types of experiments with red 
blood cells (RBCs). First, slow hemo- 
lysis kinetics of RBCs were followed 
after introduction of the RBCs into 
solutions of 0.5 M urea, glycerol or 
glucose.^ In the second type of experi- 
ment, students examined the effects of 
tonicity on RBC shape and size. For 
both experiments, a 3 Volt miniature 
lamp was positioned so that its light 
traveled through a test tube containing 
the RBC suspension before falling on 
the phototransistor. The results from a 
typical slow hemolysis experiment in 
which an RBC suspension was intro- 
duced into a solution of 0.5M glycerol 
can be seen in Figure 2. When RBCs 
were added, the trace immediately 
moved upward indicating less light fal- 
ling on the phototransistor due to an in- 
crease in light scattered by the RBCs. 
Thereafter, the slow downward trace 
movement to the baseline gave a mea- 
sure of hemolysis time and indicated 
that more light reached the phototran- 
sistor as light scattering decreased due 
to RBC swelling and eventual hemoly- 
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FIGURE 2. Red blood cell slow hemolysis 
kinetics following addition to 0.5M glyc- 
erol. A Digi-View digitizing system (New- 
tek, Inc., 701 Jackson Suite B3, Topeka KS 
66603) was used to transfer the original 
results from the Apple //e monitor to an 
Amiga 1000 computer serving as a low cost 
graphics workstation to permit addition of 
explanatory text using an Electronic Arts 
Deluxe Paint program. A photograph was 
then made using a Polaroid Palette system. 
All other figures and the single table were 
produced using Jie Amiga graphics work- 
station. 

sis. Hemolysis time under these condi- 
tions also indicates how fast molecules 
pass through the RBC membrane. Stu- 
dents find that urea solutions hemolyze 
RBCs in under 5 seconds, glycerol so- 
lutions exhibit hemolysis times around 
30 seconds, and in glucose solutions, 
hemolysis is still incomplete even after 
90 seconds. Students may conclude 
that there is a relationship between 
molecular size and the ability to pass 
through a membrane. 

The results of tonicity studies in 
which RBCs were suspended in differ- 
ent NaCl concentrations are shown in 
Table 1. Transmitted light decreases as 
the salt concentration increases to 2%. 
By observing RBC mcphology with 

Table L Use of photosensitive interface to 
measure light transmitted through RBCs 
suspended in different salt concentrations. 
Higher interfac*^ readings indicate more 
light falling on the phototransistor. 



T^RNSMISSIDN QENSITOMETRV 

LIGHT TRANSMITTED BY RBCS 
IN DIFFERENT CONCENTRATIONS 
OF SODIUM CHLORIDE 

SOLUTION INTERFACE READING 

DISTILLED HgO 237 

8.43Z NaCl 213 

8.85Z NaCI 177 

2.87. NaCl ^128 
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the light microscope, students can also 
relate RBC shape with its ability to 
transmit and scatter light. 
The photosensitive interface was also 
utilized as an updated version of a ky- 
mograph to study frog muscle contrac- 
tion. A typical kymograph arrange- 
ment for muscle study was employed 
Qxcepi that a phototransistor hung from 
the tip of the muscle lever instead of an 
ink writing stylus, and an Apple //e 
monitor replaced the revolving drum. 
The phototransistor extended into a 
short length of PVP (polyvinylpro- 
pylene) pipe and was illuminated by a 3 
Volt miniature lamp positioned at the 
bottom. During contraction, the muscle 
lifted the lever and phototransistor 
away from the light source, and when 
the muscle relaxed, the phototransistor 
retumd to its original position. The 
detected change in light intensity was 
displayed on the Apple //e monito: 
screen. The results in Figure 3 were 
obtained by measuring individual mus- 
cle contraction-relaxation responses to 
a series of electrical stimuli of increas- 
ing voltage. The software was de- 
signed to wait for the student team to 
get everything ready for stimulation. 
When ready, the team signals the pro- 
gram to enter a 15 second period during 
which they stimulate the muscle with 
the selected voltage. If the muscle con- 
tracts, the monitor screen displays the 
detected light change as a single, verti- 
cal line above the baseline. At the end 
of 15 seconds, the program moves the 
baseline to the right a short distance 
and waits again for the student team to 
prepare the muscle for the next voltage 
stimulus. 

The strip chart recorder mode was 
used to study muscle contraction by 
increasing the frequency of stimulation 
with supramaximal threshold voltage. 
Selected results are shown in Figure 4. 
As with the traditional kymograph, in- 
dividual muscle contraction-relaxation 
cycles are observed at low frequencies 
of stimulation (Figure 4A), and com- 
plete tetanus is attained at higher stim- 
ulation frequencies (Figure 4 J). 

The strip chart recorder mode soft- 
ware may also be used with a Marey 
tambour for pneumographic study of 
human breathing mechanics. Again, a 
typical kymographic setup was em- 
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FIGURE 3. Response of frog gastrocne- 
niius muscle to increasing voltage stimuli as 
measured by the photosensitive interface 
when used with a kymograph scHjp. 

ployed in which a bellows pneumo- 
graph was strapped around the sub- 
ject's chest wall and attached to the 
Marey tambour. The major difference 
was that measurements were being 
made by a phototransistor hung from 
the tip of the lever resting on the.lam- 
bour diaphragm. Typical experimental 
results may be seen in Figure 5. The 
upper trace presents a resting breathing 
rate and is followed by the middle trace 
which was made while the subject held 
his breath for over a minute. The low- 
est trace demonstrates the expected in- 
crease in the breathing rate and depth 
of inspiration that follows a prolonged 
breath hold. The response of human 
breathing mechanics under a variety of 
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conditions such as hyperventilation, 
rebreathing of exhaled air, or during 
speech may p^o be obtained for a more 
complete stuay of the physiological 
conditions governing rate and depth of 
breathing. 

The photosensitive interface may also 
be utilized to measure human reaction 
time to audio or visual stimuli. As a 
visual stimulus, the subject is asked to 
respond to the disappearance of a 
square drawn on the graphics screen by 
pressing a switch that turns on a small 
light near the photosensitive transistor. 
The software measures the time from 
the disappearance of the square to the 
detection of light by the phototransis- 
tor. For the audio cue, the subject is 
asked to respond at the time a computer 
generated tone stops. The time before 
the square disappears or the tone.stops 
is variable and is dependent on a value 
obtained from a random number gener- 
ator. Reaction time may be measured 
for both the hand and the foot and for 
differences observed in response to 
either audio or visual cues. 

TIME AND DISTANCE 
CONSIDERATIONS 
The accuracy of time measurement 
using FOR-NEXT loops must be con- 
sidered when using the game I/O as the 
entry site for signals from the photo- 
sensitive interface. I utilized a self- 
built real time clock interface connect- 
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FIGURE 4. Four separate screens (ArD) demonstrating the response of frog gastrocnemius 
muscle to supramaximal voltage stimuli presented at different frequencies. Strip chart 
recorder mode software used with the photosensitive interface in the kymograph setup. 
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FIGURE 5. Photosensitive interface used 
as a pneumograph to study human rcspira- 
toiy movements. Strip chart recorder mode 
software modified to permit the sequential 
recording of three traces on one screen. 

ed to one of the Apple expansion slots 
to measure, within 0.1 second, the time 
the trace took to traverse the screen at 
different ligjit intensities. The results, 
shown in Figure 6, indicate a linear re- 
lationship between trace time and light 
intensity. At the two extremes of satu- 
rating light and total darkness, there is 
about a 7% difference in trace time in- 
dicating that the FOR-NEXT loop tim- 
ing method collects data in a near time 
rather than real time mode. For many 
experiments at the undergraduate level, 
near time data collection may be ac- 
ceptable if it does not compromise stu- 
deiit interpretation of results (eg, mus- 
cle contraction data in Figures 3 and 4). 
However, when real time data collec- 
tion is essential, an external clock inter- 
face must be utilized. For a more de- 
tailed discussion of analog-digital inter- 
faces and timing considerations, see the 
article written by Richard Olivo.* 
For those experiments in which the 
phototransistor is moved away from the 
light source, the collected data are not 
an accurate estimation of the actual dis- 
tance of the phototransistor from the 
light source. The error exists because 



no correction is made to account for the 
physical fact that light intensity de- 
creases with the square of the distance 
from the light source. This is reflected 
in the results shown in Figure 7 in 
which light intensity measured via the 
phototransistor is plotted as a function 
of the phototransistor distance from the 
light source. The problem can be cor- 
rected, however, by referring to a stan- 
dard curve as shown in Figure 7 to 
transform the intensity reading into a 
true distance measurement. 

CONCLUSION 

The CSIP award supported the assem- 
bly of five workstations. Each station 
serves from three to four students and 
increases greatly student access to in- 
strumentation. The cost per station was 
considerably less than the funds that 
would be needed to purchase each of 
the single function instruments sepa- 
rately. The multifunctional nature of 
the Apple //e-mediated workstation 
coupled with its lower cost when com- 
pared to traditional instrumentation of- 
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FIGURE 6. Comparison of time for the 
trace to move from left to right across the 
monitor screen at different light intensities. 
Trace time was measi/cd accurately to 0.1 
second with a self-built clock interface con- 
nected to one of the Apple expansion slots. 
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DISTANCE FROM LIGHT CCM) 

FIGURE 7. Comparison of light intensity 
reading from the interface with distance of 
the phototransistor from light source. This 
particular standard curve was obtained with 
a phototransistor hanging down from the tip 
of a kymograph muscle lever into a short 
length of P VP pipe. A 3 volt miniature 
lamp was 'Positioned at the bottom of the 
pipe to serve as a light source. 



fers instructors the opportunity to up- 
grade undergraduate physiology labo- 
ratory instrumentation in a cost effec- 
tive manner without sacrificing the 
quality of the laboratory learning 
experience. 
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CLSE 1987-88 COLLEAGUE DIRECTORY - PART HI 



The primary goal of the National Re- 
source for Computers in Life Science 
Education (NRCLSE) is to cultivate 
collaborative efforts among life science 
faculty interested in using the computer 
as a teaching tool 

The listing that follows is a continua- 
tion of the 1987-88 directory published 
in the February and March issues of 
CLSE. It is updated from the 1986-87 
directory and was drawn primarily 
from respondents to questionnaires 



printed in CLSE. It is intended to help 
readers identify colleagues with com- 
mon interest areas. 

The listings are arranged by the con- 
tent areas identified in response to the 
question, "What content areas do you 
teach?" As a result, entries may appear 
under more than on heading. 

Although every attempt has been 
made to ensure that the information is 
current and correct, it is likely that 
some errors appear in this list. We 



apologize in advance for any inconve- 
niences that may arise due to such 
oversights. 

If you are aware of other colleagues 
that should be listed, please send the 
pertinent information (name, address, 
phone number, BITNET address, 
teaching content area) to NRCLSE, 
Mail Stop RC-70, Univ. of Washing- 
ton, Seattle, WA 98195 or let us know 
viaBITNET. NRCLSE's BITNET 
address is MODELL@UWALOCKE. 



PHYSIOLOGY 

ABRAHAMS, VC 

DEPT OF PHYSIOLOGY 

QUEEN'S UNIVERSrrY 

KINGSTON. ONTARIO K7L 3N6 

CANADA 

(613)547-3022 

AMLANER. CHARLES J Jr 
DEPT OF ZOOLOGY 
UNIV OF ARKANSAS 
FA\'ETTEVILLE. AR 72701 

BASHOR, DAVID P 
DEPT OF BIOLOGY 
UNIV N CAROLINA AT 
CHARLOTTE 
CHARLOTTE. NC 28223 
(704)597^7 

BAUR.JOHNM 
DEPT OF BIOLOGY 
BRESOA COLLEGE 
120 WEST SEVENTH ST 
OWENSBORO.KY 42301 
(502) 685-3131 EXT 276 

BENNETT. THOMAS E 
DEPT OF BIOLOGY 
BELLARMINE COLLEGE 
NEWBURG ROAD 
LOUISVILLE. KY 40205 
(502)452-8198 

BERG. VIRGINIA 
DEPT OF BIOLOGY 
UNIV OF NORTHERN IOWA 
CEDAR FALLS. lA 50614 
(319) 273-2770 

BERGQUIST. BART 
DEPT OF BIOLOGY 
UNIV OF NORTHERN IOWA 
CEDAR FALLS, lA 50614 
(319)273-2723 

BEUMER, RONALD J 
BIOLOGY DEPT 
ARMSTRONG STATE COLLEGE 
SAVANNAH. GA 31419 
(912)927-5314 

BORQUEZ, DR RICARDO LEON 
UNIV AUTO.GUADALAJARA 
LOMAS DEL VALLE lERA 
SECC 

GUADALAJARA 
MEXICO JAL 1-440 



BROOKE. Dr JOHN D 
NEUROPHYSIOLOGY LAB 
UNIVERSmr OF GUELPH 
SCHOOL OF HUMAN BIOLOGY 
GUELPH. OOTARIO NIG 2W1 
CANAD\ 

(519) 824-4120 EXT 3416 

BROWN. DAVID E 
DEPT OF ANIMAL SCIENCE 
UNIV OF NEVADA AT RENO 
RENO. NV 89557-0004 
(702)784-1629 

B RUMLBVE. STANLEY J 
DEPT OF PHYSIOLOGY 
SCHOOL OF MEDICINE 
UNIV OF NORTH DAKOTA 
GRAND F^RKS. ND 58202 
(701) 777-: W 

BUCHHOLZ. ROBERT H 
DEPT OF BIOLOGY 
MONMOUTH COLLEGE 
MONMOUTH, IL 61462 
(309)457-2350 

BURNS. DK THOMAS A 
DEPT OF BIOLOGY & 
MICROBIOLOGY 
NORTHWESTERN STATE UNIV 
NATCHTTOCHES, LA 71497 

(318) 357-5323 

CAMERON. DAVID G 
DEPT OF BIOLOGY 
MONTANA STATE UNIV 
BOZEMAN. \rr 59717 
(406)994-2670 

CAMPBELL. KENNETH 
VCAPP 

WASHINGTON STATE UNIV 
PULLMAN, WA 99164-6520 
(509)335-6621 

CAMPBELL, KEVIN P 
DEPT OF PHYSIOL & BIOPHYS 
UNIV OF IOWA 
IOWA CTTY.U 52240 

(319) 351-5833 

CHEW. CATHERINES 
DEPT OF PHYSIOLOGY 
MOREHOUSE SCHOOL OF 
MEDICINE 

ATLANTA. GA 30310-1495 
(404)752-1692 



CHIEN.DR SHU 

DEPT OF PHYSIOL & BIOPHYS 

COLUMBIA UNIV 

630WEST168THST 

NEW YORK, NY 10032 

(212)305-3686 

CHRISTOFFERSON. JAY P 
DEPT 0FBI0L0C5Y 
CAUFORNU STATE UNIV AT 
STANISLAUS 
TURLOCK. OA 95380 
(209)667-3476 

CLARK.FRANaSJ 

DEPT OF PHYSIOLOGY 

UNIV OF NEBRASKA MED CTR 

42ND& DEWEY AVE 

OMAHA. NE 68105 

(402)559-6478 

CLARK. JAMES R 

DEPT OF ANIMAL SCHENCE 

TEXAS TECH UNIV 

PO BOX 4169 

LUBBOCK, TX 79409-4169 

(806)742-2469 

COCKERHAM.BILL 
FRESNO PACIFIC COLLEGE 
1717 S CHESTNUT 
FRESNO. CA 93702 
(209)453-2045 

CONAHAN, SHAWN T 
DEPT OF PHYSIOLOGY 
LOUISIANA STATE UNIV MED 

CENTER 
1901PERDIDOST 
NEW ORLEANS. LA 70112 
(504)582-5783 

CONSIGNY PMACKE 
DEPT OF PHYSIOLOGY 
MEDICAL COLLEGE OF 
PENNSYLVANIA 
3300 HENRY AVE 
PHILADELPinA.PA 19129 
(215)842-7059 

CUBINA.JOSEFAM 
DEPT OF LIFE SCIENCES 
NEW YORK INST OF TECH 
OLD WESTBURY. NY 1 156S 
(516)686-7622 

CUENA. EUGENIO MARTIN 
DPTO DE BIOLOGIA ANIMAL 



FACULTAD DE OENCL^S 
UNIVERSIDAD DE GRANADA 
GRANADA. SPAIN 
202212EXT243 

DEJONG.ALVINA 
DEPT OF BIOL SOHNCE 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO. CA 93407 
(805)546-2209 

DKXINSON. PROF C JOHN 
DEPT OF MEDICINE 
ST BARTHOLOMEWS HOSP 
MEDICAL COLLEGE 
WEST SMTTHFIELD LONDON. 
ENGLAND EC1A7BE 

DICKINSON, WINIFRED 
DEPT OF BIOLOGY 
UNIV OF STCUBENVILLE 
STEUBENVILLE. OH 43952 
(614)283-3771 

DIGGINS. MAUREEN 
DEPT OF BIOLOGY 
AUGUSTANA COLLEGE 
29TH ST AND S SUMMIT 
SIOUX FALLS. SD 57197 
(605)3364809 

DOBSON.ALAN 
DEPT OF PHYSIOLOGY 
NYS COLLEGE OF VET MED 
CORNELL UNIV 
rniACA.NY 14853 
(607)253-3847 

DOVE. LEWIS 

DE PT OF BIOL SCIENCES 

WESTERN ILLINOIS UNIV 

MACOMB. IL 61455 

(309)298-1166 

DUGGAN. ELEANOR L 
BIOLOGY DEPT 
UNIV OF N CAROLINA AT 
GREENSBORO 

ROOM 309. EBERHART BLDG 
(jREENSBORO. NC 27412-5001 
(919)379-5839 

ELDER. DR BETTY 
DEPT OF BIOLOGY 
GEORGIA SOUTHWESTERN 
COLLEGE 
AMERICUS.GA 31709 
(912)928-1250 
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EUSnS-TURF, ELIZABETH 
BOX 694, MCV STATION 
MEDICAL COLLEGE OF 
VIRGINIA 

RICHMOND, VA 23298 
(804)786-9824 

FANNING, MARSHA E 
DEPT OF BIOLOGY 
LENOIR-RHYNE COLLEGE 
HICKORY, NC 28603 
(704)328-7270 

EERNER,JOHNW 
DEPTOFBIOLOGY 
THOMAS MORE COLLEGE 
CRESTVIEW HILLS, KY 41017 
(606)344-3374 

FREED, DR JAMES M 
DEPT OF ZOOLOGY 
OHIO WESLEYAN UNIV 
DELAWARE. OH 43015 
(614) 369-4431 EXT 400 

GRAY, F HARRIET 
HOLLINS COLLEGE 
BOX 9616 

HOLLINS COIiEGE, VA 24020 
(703)362-6543 

GREEN, JONATHAN 
DEPTOFBIOLOGY 
R(X)SEVELTUNIV 
CHICAGO, IL 60605 
(312)341.3676 

GCXX3I,VAND 
DEPT OF SCIENCE & 
MATHEMATICS 
UNIV OF MINNESOTA 
MORRIS, MN 56267 
(612)589-2211 

GRUENER, RAPHAEL 
DEFTOFPHYSIOLOGY 
UNIV OF MARYLAND AT 
BALTIMORE 
BALTIMORE, NJD 21201 
(301)528-2678 

GWINN,DRJOHNF 
DEPTOFBIOLOGY 
UNIVERSITY OF AKRON 
AKRON, OH 44325 
(216)375-7160 

HAMPTON, JOHNK 
DEPT OF BIOL SCIENCES 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO, CA 93407 
(305)546-2819 

HECKENUVELY, DONALD B 
DEPTOFBIOLOGY 
HILLSDALE COLLEGE 
HILLSDALE, MI49242 
(517)437.7341 

HEIDCAMP,WnJJ[AM 
DEPTOFBIOLOGY 
GUSTAVUS ADOLPHUS 
COLLEGE 

ST PETER, MN 56082 
(507)931-7325 

HEMPLING, HAROLD G 
DEPTOFPHYSIOLOGY 
MEDICAL UNIVS CAROLINA 
CHARLESTON. SC 29425-2658 
(803)792-3648 



HILLL\RD,STCPHEN 

DEPTOFBIOLOGY 

B ALDWIN-WALLACE COLL 

BEREA,OH 44017 

(216)826-2265 

HOUSE. EDWIN W 
DEPTOFBIOLOGY 
IDAHO STATE UNIV 
POCATELLO, ID 83209 
(208)236-3765 

HOUSE. DR HERBERT W 
ELON COLLEGE 
BOX 2270 

ELON COLLEGE, NC 27244-201 0 
(919)584-2294 

JEGLA, THOMAS C 
DEPTOFBIOLOGY 
KENYON COLLEGE 
GAMBIER, OH 43022 
(614)427.2244 

JENNINGS, mCHAEL L 
DEPT OF PHYSIOL & BIOPHYS 
UNIV OF IOWA 
IOWA CITY, lA 52242 
(319)353-4035 

JOHNSON, CLYDE E 
DEPT OF BIOL SCIENCES 
SOUTHERN UNIVERSITY 
BATON ROUGE, LA 70813 
(504)771.5210 

JOHNSON, DAVID W 
DEPTOFBIOLOGY 
CONCORDIA COLLEGE 
MOORHEAD, MN 56560 
(218)299-3085 

JOHNSON, IVAN M 
DEPTOFBIOLOGY 
CONCORDIA COLLEGE 
MOORHEAD, MN 56560 
(218)^9-3085 

JOHNSON, WALTER 
NORTHWEST COLLEGE OF 
CHIROPRACTIC 
2501 W84THST 
BLOOMINGTON, MN5S431 
(612) 888-4777 EXT 290 

JONES, MICHAEL E 
DEPT OF ANATOMY & 

HISTOLOGY 
FLINDERS UNIV OF SO 

AUSTRALIA 
SCHOOL OF MEDICINE 
BEDFORD PARK, 

SOUra AUSTRALIA 5042 
(618)275-9911 EXT 4281 

JOYNER, RONALD W 
DEPTOFPHYSIOLOGY 
UNIV OF IOWA 
IOWA CITY, L^ 52242 
(319)353-7024 

K.AUCHSTEIN, DENNIS 
DEPT OF SCIENCE 
OCEAN COUNTY COLLEGE 
TOMS RIVER, NJ 08753 
(201)255-4000 

KENDRICK,JE 
DEPTOFPHYSIOLOGY 
UNIV OF WISCONSIN 
134 SMI 



MADISON, WI 53706 
(608)2621465 

KESSLER, SISTER IRMA 
DEPT OF BIOLOGY 
COLLEGE OF ST ELIZABETH 
CONVENT STATION,NJ 07961 
(201)539-1600 

LAGLER, REGIS 
CRITICAL CARE DEPT 
METHODIST HOSPHTAL 
1701 N SENATE BLVD 
INDIANAPOUS, IN 46202 
(317)929-5293 

LAROCHELLE, JACQUES 
DEPTOFBIOLOGY 
LAVAL UNIV 
QUEBEC, PQ 
CANADA G1K7P4 
(418)656-3187 

McDonald, DR gordon 

DEPTOFBIOLOGY 
McMASTERUNIV 
1280 MAIN ST WEST 
HAMILTON, ONTARIO L8S 4K1 
CANADA 

(416) 525-9140 EXT 4266 

McHALE, PHILIP A 

DEPT OFPHYSIOL& BIOPHYS 

COLLEGE OF MEDICINE, 

BMSB-357 
UNIV OF OKLAHOMA HEALTH 

SCIENCES CENTER 
PO BOX 26901 

OKLAHOMA CITY, OK 73190 
(405)271-2316 

MELNYCHUK, MARKS 
DEPT OF BIOL & ALLIED 

HEALTH SCIENCE 
HART BLOOMSBURG UNIV 

SCIENCE CENTER 
BLOOMSBURG, PA 17815 
(717) 389-4219 

MESSICK,JOHNP 
DEPTOFBIOLOGY 
MISSOURI SOUTHERN STATE 
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HYPERCARD — WHAT IS IT? 

Dorothy Wooley-McKay 

Department of Biology, Glendale Community College, Glendale, Arizona 



NRCLSE 



Many individuals familiar with the 
Apple Macintosh microcomputer are 
talking about what some believe is a 
revolutionary new product The prod- 
uct is called HyperCard, and it was re- 
leased by Apple Computer at the Mac- 
World Expo in Boston in August, 
1987. 

WHAT IS HYPERCARD? 

This is a difficult question to answer 
because it is many things to different 
people. The author of HyperCard, Bill 
Atkinson (also author of MacPaint), 
has called HyperCard a "software erec- 
tor set". Presumably, it is a means by 
which individuals who have never pro- 
grammed a computer can now do so. 
However, HyperCard is more than that 

HyperCard is based on the concept of 
hypertext Hypertext is a system of 
transferring information by means of a 
computer rather than books or other 



print media. Some, of course, will not 
like this manner of information trans- 
fer. However, it has some advantages. 
What does HyperCard have to do 
with using computers in the life sci- 
ences? Consider the following situa- 
tion. A student is studying the electri- 
cal activity of the heart. In order to un- 
derstand the principles, he must be fa- 
miliar with electrophysiology, includ- 
ing the concepts of depolarization and 
repolarization. Of course, the student 
has a textbook and lecture notes to use 
as reference material. However, the 
sections on electrophysiology were 
covered in the previous semester, and 
the student has forgotten much of what 
was learned in those sections. He must 
go back and review that material. Un- 
fortunately, the student cannot find the 
lecture notes from the previous semes- 
ter. There is still the textbook, but this 
student never opened the textbook. He 
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used only lecture notes to study be- 
cause the exams were based on the 
lecture notes, and he doesn't know 
where to find the textbook on electio- 
physiology. This, of course, is an ex- 
treme case. However, using Hyper- 
Card or another form of hypertext, we 
can create the following scenario. 

This same student is studying the 
electrical activity of the heart using 
HyperCard stacks. HyperCard soft- 
ware consists of stacks. The analogy is 
a stack of cards. Each stack is divided 
into cards that are accessed one at a 
time. On each card, there are fields for 
text, graphics and buttons (see Figure 
1). Pan of the heart Slack is a tutorial 
including text (read from the computer 
monitor) and graphics. When the stu- 
dent gets stuck with the electrophysio- 
logical concepts, he clicks (with the 
mouse) on a button located on one of 
the cards of the heart stack. When he 
clicks on this particular button, he is 
immediately shown a slack on basic 
electrophysiology. In this slack there 
rnay be a simulation of an action poten- 
tial in a nerve fiber as well as text and 
graphics explaining the principles of 
electrophysiology. When the student 
has finished with electrophysiology, he 
clicks on another button and goes back 
to the hearL The same process could 
be used to connect the anatomy of the 
heart with the physiology of the heart. 
For example, when studying the Pur- 
kinje system, the student could click on 
Purkinje system and go to a card illus- 
trating the location of this system. All 
of the information is linked together in 
an intuitive way. Instead of informa- 
tion being presented in a serial form, it 
can be linked togeltier in a way more 
logical to human thought 

EXAMPLE APPLICATIONS 
The following applications for teaching 
life sciences using HyperCard were 
described in the March 29th issue of 
MacWeek magazine. 

• Interactive Medical Record This was 
developed by Dr. Ed' ard Shultz at 
Dartmouth Medical School. Using 
this stack, a student can, among other 
things, point to a patient's chest and 



hear the digitized sound of a heart 
murmur. In addition, the students 
can click on buttons to see vital signs, 
X-Rays, past visits, and blood smears. 
There is also a glossary, so students 
can click on any word and look it up 
in the glossary. 

• Electric Cadaver This application, 
developed by Drs. Robert Chase and 
Steven Frecdman of Stanford Univer- 
sity Medical School presents anatomi- 
cal drawings on the monochrome 
monitor of a Mac II. When a student 
clicks on a part of the image, that 
portion is presented on the screen. In 
addition, color photographs of those 
structures are shown on a video moni- 
tor. The color photographs are taken 
from the Basset series of 3 dimen- 
sional anatomical drawings. 

(HyperCard can access videodiscs 
that contain color photographs of 
almost anything. The student can 
thus move easily from a large view of 
an anatomical structure to more de- 
tailed aspects of the same structure.) 



• MACIinlcal This is a project at 
Georgetown University Medical 
School. At the present time, there are 
two HyperCard stacks being used, 
HypeRite Up and a stack teaching the 
anatomy of the hand. 

The spectrum of possibilities using 
HyperCard in education is almost limit- 
less. There is the ability to incorporate 
digitized sound, such as heart murmurs 
(realistic sounds, not computer sounds) 
into HyperCard stacks. HyperCard 
stacks can be linked to videodiscs. 
HyperCard stacks can also be linked to 
real time animations using Video- 
Works. Students can easily jump from 
one subject to a related subject. Hyper- 
Card stacks can be made as tutorials, 
simulations or addenda to laboratory 
exercises. Eventually, a large data base 
of any kind of information can be 
stored on CD ROM players and acces- 
sed with HyperCard. 

If I wax eloquent on the possibilities 
of using HyperCard in education, it is 
because I think the potential of Hyper- 
Card has barely been tapped. 




FIGURE 1. Example of fields available on HyperCard cards. 
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WHEREAS THE SOFTWARE? 



In ihe past, we have published lists of 
life science software sources and pro- 
grams available through them. The 
following list is presented as the latest 
in a continuing effort to make col- 
leagues aware of potential resources. 
As in the past, no attempt has been 
made by NRCLSE to review these 
materials. 

This month's listings are arranged by 
content area. Each item include? a 
vendor code relating the software to the 
vendors list appearing on page 39. 

If you have found specific software 
helpful in your teaching efforts, please 
share your good fortune by letting us 
know about the program(s) and sup- 
plier(s) so that we can make this infor- 
mation available through future soft- 
ware lists. Send pertinent information 
to Dr. Harold ModeU, NRCLSE, Mail 
Stop RC-70, University of Washington, 
SeatUe, WA 98195 or send us a note 
on BITneL Our BITnet address is 
MODELL@UWALOCKE. 

ANATOMY 

GROSS ANATOMY TUTORIAL 

Tutorial for gross anatomy review by 
region dud for self-test in National 
Board format. Program available for 
Apple II equipment L.l 
HEART LAB 

Animated graphics simulation of 
human heart. Program available for 
Apple n, TOS-SO Models I and III, 
PET, and Atari 800/800XL equipment 
E.1 

HUMAN ANATOMY PICTURE FILE 
Hi-Res diagrams of heart, brain, eye, 
ear, respiratory system, kidney, endo- 
crine system, neurons, circulatory sys- 
tem schematic, and digestive system. 
Program available for Apple II equip- 
ment D.l 
LOCOMOTION 

Tutorial reviewing types and func- 
tions of bones and muscles. Program 
available for Apple II and TRS-80 
Model ni equipment J.l 

BIOCHEMISTRY 



ANIMATIONS 

Contains animations for demon- 
strating DNA structure and synthesis, 
RNA structure and synthesis, and 
protein synthesis. Program available 
for Apple II equipment. E.3 
BIOCHEMISTRY 

Tutorial covering basic atomic struc- 
ture, balancing equations, and proper- 
ties of proteins and carbohydrates. 
Program available for Apple n and 
TRS-80 Model m equipment J.l 
DNA STRUCTURE AND SYNTHESIS 

Tutorial dealing with nucleotide 
structure and linkage between nucleo- 
tide, base complementarity and hydro- 
gen bonding. Program available for 
Apple II equipment E.3 
ENZKIN: Enzyme Kinetics 

Simulation of enzyme-catalyzed 
reactions. Program available for Apple 
II equipment. C.4 
ENZLAB 

Simulations for designing and car- 
rying out enzyme kinetics experiments. 
Program available for Apple n and 
IBM-PC compatible equipment B.l 
ENZPACK 

An enzyme kinetics teaching and cal- 
culation program. Program available 
for Apple n and BM-PC compatible 
equipment. B.l 
ENZYME ACTION 

Tutorial on the basic nature and func- 
tion of enzymes. Program available for 
Apple II equipment B.l 
ENZYME-SIMULATION, ENZYME 
ACTION 

Simulation of enzyme action and the 
effects of inhibitors using acetylcholin- 
esterase. Program available for Apple 
II, TRS-80 Models I and III, IBM-PC, 
and Commodore 64/128 equipment 
D.2 

GENE MACHINE 
Tutorial/Simulation dealing with 
DN/ replication and protein synthesis. 
Program available for Apple II 
equipment H.l 

MOLECULAR BIOLOGY SERIES 

Programs demonstrating central proc- 
esses of RNA and protein synthesis and 



DNA synthesis and repair. Program 
available for Apple II and IBM-PC 
compatible equipment B.l 
MOLGRAF 

Molecular graphics package. 
Program available for Apple II and 
IBM-PC compatible equipment B.l 
THE NUCLEIC ACIDS 

Tutorial/Simulation dealing with 
principal nucleotides and synthesis of 
RNA. Program available for Apple II 
equipment E.2 
PROTEIN SYNTHESIS 

Tutorial dealing with the general 
structure of the amino acids and fimna- 
tion of peptide bonds. Program avail- 
able for Apple II equipment E.3 
RNA STRUCTURE AND SYNTHESIS 

Tutorial extending the concept of 
hydrogen bonding between comple- 
mentary bases to show the synthesis of 
RNA on the DNA template and the 
analogies in structure between DNA 
and RNA. Program available for 
Apple II equipment E.3 

BIOLOGY 

ADAPTION AND IDENTIFICATION 

Tutorial covering animal adaptation 
to different environments and animal 
identification. Program available for 
Apple II equipment S.l 
ANIMAL REPRODUCTION 

Tutorial reviewing sperm develop- 
ment, egg and fertilized egg. Program 
available for Apple II and TOS-80 
Model III equipment J.l 
ASEXUAL REPRODUCTION 

Tutorial reviewing cell division. 
Program available for Apple II and 
TRS-80 Model III equipment J.l 
BIOLOGY COMPUTER 
STIMULATIONS 

Tutorial covering various biological 
concepts and experimental areas in- 
cluding enzymes, photosynthesis, res- 
piration, diffusion, meiosis, muscles, 
nerves, and genetics. Program avail- 
able for Apple II and TRS-80 Models I 
and III equipment L.l 
DIFFUSION AND ACTIVE 
TRANSPORT 
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Tutorial covering diffusion, osmosis, 
and active transport in biological sys- 
tems. Program available for Apple II 
equipment. S.2 

ENERGETICS AND A . TABOUSM, 
GARDEN OF BIOLOGY: VOLUME I 

Data base illustrating reactions of 
metabolism and interactions between 
the several metabolic comparunents of 
a cell. Program available for Macin- 
tosh equipmenL K.l 
EVOLUTION. GARDEN OF 
BIOLOGY: VOLUME 2 

Data base illustrating relations among 
organisms of many kinds, emphasizing 
the history and mechanics of their evo- 
lutionary change. Program available 
for Macintosh equipment K.l 
KNOWLEDGE MASTER - BIOLOGY 2 
Test-item database for test generation. 
Content covers coelenterates, arthro- 
pods, insects, fish, amphibians, and 
reptiles. Part of a 5-program Biology 
series for Apple II equipment. A.l 
KNOWLEDGE MASTER - BIOLOGY 3 
Test-item database for test generation. 
Content covers birds, mammals, pri- 
mates, protists, bacteria and laxonomic 
zoology. Part of a 5-program Biology 
series for Apple II equipment. A.l 
OSMO- OSMOSIS IN RED BLOOD 
CELLS 

Simulation of red blood cells in hy- 
pertonic, hypotonic, and isotonic solu- 
tions. Program available for Apple II, 
TRS-80 Model III, IBM-PC, and 
Commodore 64/128 equipment. D.2 
OSMOSIS AND DIFFUSION 

Tutorial/Simulation covering effects 
of temperature, concentration, solubil- 
ity, molecule size and charge, and 
membrane pore size on flow of matter 
across semi-permeabiC membranes. 
Program available for Apple II, TRS- 
80 Models I and III equipment E.2 
OSMOTIC PRESSURE 

Simulation of thistle tube experiments 
and animation of a molecular model for 
osmosis. Program available for Apple 
II equipment. C4 
PASSIVE TRANSPORT 

Tutorial-simulation covering diffu- 
sion and osmosis. Program for MS- 
DOS compatible equipment. C.l 
SIMULATION OF HEMOGLOBIN 
FUNCTION 

Simulations of hemoglobin and 
myoglobin functions. Program for 



Apple II eqjiipmenL C.2 

BOTANY 

ALGAL GROWTH 

Simulation of the effects of eight vari- 
ables on growth of algae. Program 
available for Apple 11 and IBM-PC 
compatible equipment. 0.1 
BIOLOGY FRUIT KEY 

Identifies 125 trees and shrubs. 
Program available for Atari 400/800 
equipment D.3 
COMPETE:Plan( competition 

Simulation of experiments involving 
interaction between flowering plants. 
Program available for Apple II equip- 
ment. C.4 

FAMILY IDENTIFICATION 

Data retrieval program to review the 
characteristics of 74 North American 
flowering plant families. Program 
available for Apple n equipment C.4 
LEAF: STRUCTURE AND 
FUNCTION 

Tutorial-simulation covering the anat- 
omy and physiology of the- leaf with 
respect to its role as the "chemical fac- 
tory" of the plant. Program for IBM- 
PC (PC-DOS). C.1 
PHOTOSYNTHESIS AND UGHT 
ENERGY 

Simulation focuses on characteristics 
of light and its role as an energy 
source. Program for IBM-PC (?C- 
DOS). C.1 

PHOTOSYNTHESIS AND 
RESPIRATION 

Demonstration and simulations focus- 
ing with light and dark reactions of 
photosynthesis, respiration, and ATP 
cycle. Program available for Apple II 
equipment S.l 

PHOTOSYNTHESIS & TRANSPORT 
Tutorial dealing with photosynthesis 
and transport in plants. Program avail- 
able for Apple II and TOS-80 Model III 
equipment J.l 

PLANT ANATOMY PICTURE FILE 

Hi-Res diagrams of roots, stem cross- 
section, leaf cross-section, photosyn- 
thesis, flowers, seeds, and germination. 
Program available for Apple II 
equipment D.l 
PLANT GROWTH 

Tutorial-simulation covering physiol- 
ogy of growth beginning with the seed. 
Covers hormone control, feedback 
mechanisms, transport, and differentia- 



tion. Program for IBM-PC (PC-DOS). 
C.l 

PLANT-PLANT GROWTH 
SIMULATION 

Simulation of the effects of light 
intensity and duration on growth and 
development of green plants. Program 
available for Apple II. TRS-80 Models 
I and III, IBM-PC, and Commodore 
64/128 equipment D.2 
REPRODUCTION IN PLANTS 

Tutorial reviewing asexual and sexual 
reproduction in plants. Program avail- 
able for Apple n and TRS-80 Model HI 
equipment J.l 
SOLAR FOOD 

Tutorial/Simulation dealing with 
photosynthesis. Program available for 
Apple II equipment H.l 

CYTOLOGY 

CELL CHEMISTRY I 

Tutorial covering various chemical 
structures. Program available for 
Apple II and IBM-PC compatible 
equipment S.3 
CELL CHEMISTRY H 

Tutorial covering the chemical and 
physical processes that occur within 
cells. Program available for Apple II 
and IBM-PC compatible equipment. 
S.3 

CELLGROW 

Simulation of cell kinetics. Program 
available for Apple II equipment U.l 
CELL GROWTH AND MITOSIS 

Interactive simulation covering sur- 
face area-volume ratio, chromosome 
number, chromosome replication, and 
cytoplasmic division. Program for 
IBM-PC (PC-DOS). C.l 
CELLS: STRUCTURE AND 
FUNCTION 

Simulation reinforces basic concepts 
of cell structure, cell functions, water 
irtovement and concentration gradients, 
and diffusion and active transport. Pro- 
gram available for Apple II equipment. 



ECOLOGY 

AIR POLLUTION 

Simulation of carbon monoxide pol- 
lution in an urban environment. Pro- 
gram available for Apple II and TRS- 
80 Model I and III equipment E,2 
AQUATIC ECOLOGY 

Utilities to perform many of the cal- 
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culations common to aquatic ecology. 
Program available for Apple II and 
IBM-PC equipment. 0.1 
AQUATIC ECOLOGY DATA 
SIMULATION 

25 simulations covering aquatic sys- 
tems. Program available for Apple n 
and IBM-PC equipment. 0.1 
ECOLOGICAL DATA SIMULATION 

25 simulations covering ecological 
systems. Program available for Apple 
II and IBM-PC equipment, 0.1 
ECOLOGY 

Rote drill reviews and reinforces con- 
cepts of general terrestrial, and aquatic 
ecology. Available for Apple II and 
IBM-PC compatible equipment. S 3 
ECOLOGY 

Simulation dealing with plant popula- 
tion sizes and growth pattern. Avail- 
able for Apple II equipment. S.l 
ECOLOGICAL ANALYSIS - PC 

Utilities that perform life table anal- 
ysis, interspecific association indices, 
community similarity, diversity in- 
dices, descriptive statistics, mark- 
rclcase recapture analysis, plus regres- 
sion and correlation analysis. Program 
available for IBM-PC compatible 
equipment. 0.1 

ECOLOGICAL ANALYSIS VOL 2 - 
PC 

Utilities that perform community sim- 
ilarity analysis, indices of dispersion, 
species-area curve, and step-wise mult- 
iple regression. Program available for 
IBM-PC compatible equipment, 0.1 
ECOLOGICAL ANALYSIS 
PROGRAMS PLUS 

Utilities that perform life table analy- 
sis, community similarity indices, 
diversity indices, predator-prey model- 
ing, mark-rccapture analysis, descrip- 
tive statistics, plus regression and cor- 
relation analysis. Program available 
for Apple II equipment, O.I 
ECOLOGICAL MODEUNG 

Series of 7 programs dealing with a 
variety of techniques for modeling eco- 
logical systems and processes* Pro- 
gram available for Apple n and IBM- 
PC compatible equipment. C.4 
NICHE-ECOLOGICAL GAME/ 
SIMULATION 

Game in which students attempt to 
place an organism in its proper ecologi- 
cal niche correctly by specifying envi- 
ronment, range, and competitor. Pro- 



gram available for Apple II, TRS-80 
Models I and III, IBM-PC, and 
Commodore 64/128 equipment. D.2 
POLLUTE 

Simulation of factors affecting water 
quality. Includes temperature, amount 
and type of pollutant, and water treat- 
ment. Program available for Apple II, 
PET/CBM, and TRS-80 Model III 
equipment, C.3 
POLLUTEJMPACriWATER 
POLLUTANTS 

Simulation of the impact of various 
pollutants on typical bodies of water. 
Program available for Apple II, TRS- 
80 Models I and III, IBM-PC, and 
Commodore 64/128 equipment D 2 
WATER POLLUTION 

Simulation of the effects of tempera- 
ture, type of waste, dumping rate, and 
methond of treatment on the impact of 
pollution on aquatic life. Program 
available for Apple n, TRS-80 Models 
I and III equipment. E.2 

EVOLUTION 

EVOLUT: Evolution and Natural 
Selection 

Simulation of fluctuations in gene 
frcquenceis of wild populations. Pro- 
gram available for Apple 11 equipment. 

EVOLUTION 

Simulations covering mutation, gene 
flow, natural selection, and genetic 
drift on populations. Program avail- 
able for Apple n and IBM-PC compat- 
ible equipment. 0.1 

GENETICS 

ADVANCED GENETICS 

Tutorial/Simulation presented as a 
nine-part program covering dominance 
and recessiveness, partial dominance, 
lethality, mechanism of inheritance, 
multiple alleles, sex linkage, multi-trait 
inheritance, crossing over, and gene 
mapping. Program available for Apple 
n equipment, E.2 
CATGEN 

Simulation allowing students to mate 
domestic cats of known genotypes. 
Program available for Apple II and 
IBM-PC compatible equipment. C4 
CATLAB (Second Edition) 
Simulation in introductoiy genetics. 
Program available for Apple II and 
IBM-PC compatible equipment. C.4 



CELLS AND GENETICS PICTURE 
FILE 

Hi-Res diagrams of animal cell, plant 
cell, mitosis, meiosis, Punnett Square, 
sex linked traits, DNA replication, pro- 
tozoa, energy reactions, and pedigree. 
Program available for Apple II equip- 
ment. D.l 

DICROSS-DIHYBRID CROSSES 

Simulation of various types of dihy- 
brid crosses. Program available for 
Apple II, TRS-80 Models I and III, 
IBM-PC, and Commodore 64/128 
equipment D.2 

DNA-THE MASTER MOLECULE 

Simulation dealing with DNA struc- 
ture. Programs available for Apple II 
equipment E.2 

DNAGEN'DNA/GENETIC CODE 
SIMULATION 

Simulation of genetic code to produce 
protein sequences. Program available 
for Apple II, TRS-80 Models I and III, 
IBM-PC, and Commodore 64/128 
equipment D.2 
FLYGEN 

Simulation of monohybrid or dihybrid 
crosses with 25 varieties of Drosophila. 
Program available for Apple II, TRS- 
80 Models I and III, IBM-PC, and 
Commodore 64/128 equipment. D 2 
GENESIM 

Simulations of cxperminents in bac- 
terial and molecular genetics. Program 
available for Apple II and IBM-PC 
compatible equipment B.l 
GENTIC DRIFT 

Tutorial-simulation focusing on ran- 
dom changes with time in the distribu- 
tion of individuals in small popula- 
tions. Program for Apple II equipment 
C.2 

GENETICS 

Tutorial covering various crosses in 
plants arid fruit fly populations. Pro- 
gram available for Apple II and TRS- 
80 Model III and IV equipment J l 
GENETICS 

Tutorial that allows students to ex- 
plore Menders experiments, Punnett 
Squares, sex linkage in fruit flies, and 
multiple alleles. Program available for 
Apple II equipment S.l 
GENETICS 

Tutorial examines DNA molecule and 
progresses to applied genetics. Pro- 
gram available, for Apple II and IBM- 
PC compatible equipment S.3 
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HEREDITY DOG 

Tutorial covering various genetic top- 
ics. Program available for Apple II and 
Commodore 64/128 cqupimenL H.l 
HUMAN GENETIC DISORDERS 

Simulation investigating inherited 
di.sorders. Program available for Apple 
II equipment. H.l 
INTRODUCTORY GENETICS 

Three part tutorial covering a variety 
of topics. Program available for Apple 
II,TRS-80ModelsIandIII equip- 
ment E.2 
UFE 

Educational game dealing with 
changing distributions of individuals. 
Program for Apple II equipment. C.2 
UNKOVER: Genetic Mapping 

Simulation of genetic mapping 
experiments. Program available for 
Apple II equipment C.4 
MEIOSIS 

Tutorial/Simulation providing an 
interactive portrayal of gamete forma- 
tion. Program available for Apple II 
and IBM-PC equipment E.2 
MEIOSIS, MITOSIS, PROTEIN 
SYNTHESIS 

Simulation demonstrating mitosis, 
meiosis, DNA rc ylication, and protein 
synthesis. Program available for Apple 
II equipment S.l 
MENDELIAN GENETICS 

Simulation covering dominance, 
partial dominance, lethatlity, linkage, 
and sex linkage. Program for Apple II 
equipnr.ent C.2 
MONOCROS'MONOHYBRID 
CROSSES 

Simulation of various monohybrid 
genetic crosses. Program available for 
Apple II, TRS-80 models I and III, 
IBM-PC, and Commodore 64/128 
equipment D.2 
NATURAL SELECTION 

Tutorial/Simulation dealing with 
genetics and evolution to populations. 
Program available for Apple II 
equipment E.2 

POPGEN-POPULATION GENETICS 

Simulation of the effects of Hardy- 
Weij;bcrg Law conditions on gene, 
genoiype, and phenotype frequencies 
of a population over time. Program 
available for Apple JI, TRS-80 Models 
I and III, IBM-PC, and Commodore 
64/128 equipment D.2 



MICROBIOLOGY 
DILUTE'MICROBIAL DILUTION 
SERIES 

Simulation covering design and 
testing of microbial dilution series to 
determine concentration of a bacterial 
solution. Program available for Apple 
II, TRS-80 Model HI, IBM-PC, Com- 
modore 64/128 equipment D.2 
MICROBIOLOGY TECHNIQUES 

Tutorial/Simulation covering various 
laboratory procedures. Program avail- 
able for Apple II equipment E.2 

NEUROSCIENCE 
NEUROMUSCULAR CONCEPTS 
Tutorial covering muscle action 
potentials, use of eleciromyograph, 
contraction, muscle action and move- 
ment disorders. Program for Apple II 
equipment B.2 

PHARMACOLOGY 
ILEUM 

Simulates laboratory experiments in- 
vestigating effects of drugs on the in 
vitro guinea pig ileum. Program 
available for Apple II and IBM-PC 
compatible equipment B.l 
PRINCIPLES OF PHARMACOLOGY 

Tutorial covering history, drug ab- 
sorption and distribution, biotrans- 
formation and elimination, mechan- 
isms of action, and drug safety and 
efficacy. Program for Apple II 
equipment B.2 

PHYSIOLOGY 
ABGAME 

Tutorial and game providing practice 
in acid-base principles. Program avail- 
able for IBM-PC compatible equip- 
ment N.3 

ACID-BASE PHYSIOLOGY 
SIMULATION 

Simulation of acid-base disturbances 
based on Davenport Diagram. Pro- 
gram available for IBM-PC compatible 
equipment I.l 
BASIC HUMAN 

Integrated systems model of human 
physiology. Program available for 
IBM-PC compatible equipment R.1 
BIOFEEDBACK 

Part of 10 program package Experi- 
ments in Human Physiology. Experi- 
ments include biofeedback, condi- 



tioning, a'-d perception measurements. 
Program available for Apple II equip- 
ment H.l 

BIOFEEDBACK MICROLAB 
Package includes a pulse rate sensor 
that measures EMG, a thermistor probe 
to measure skin temperature, and an 
interface circuit that enables student to 
connect the sensors to the computer. 
Program available for Apple II and 
Commodore 64/128 equipment H.l 
THE BODY IN FOCUS 
Tutorial for investigating body sys- 
tems including skeletal, muscular, 
respiratory, cardiovascular, gastrointes- 
tinal, endocrine, and integumentary. 
Available for Apple II and IBM-PC 
compatible equipment N.2 
CALIBRATION 

Part of 10 program package Experi- 
ments in Human Physiology. Tem- 
perature and liming fm, tions are cali- 
brated against standards. Program 
available for Apple II equipment. H.1 
CAPEXCH 

Simulation dealing with exchange at 
the capillary level. Available for IBM- 
PC compatible equipment N.3 
CARDIOVASCULAR FITNESS LAB 

Provides students with everything 
they need in order to use the microcom- 
puter to monitor cardiovascular activ- 
ity. Program available for Apple II and 
Commodore 64/128 equipment H.l 
CARDIOVASCULAR INTERACTIONS 

Cardiovascular Physiology simula- 
tion. Program available for IBM-PC 
compatible equipment I.l 
CARDIOVASCULAR PHYSIOLOGY 
PARTI: FRESURE/FLOW 
RELATIONS 

Tutorial dealing with a variety of cal- 
culations in the area of hemostatics/ 
hemodynamics. Program available for 
IBM-PC compatible equipment R.2 
CARDIOVASCULAR PHYSIOLOGY 
PART H: REFLEX 

Tutorial dealing with carotid sinus 
regulation of blood pressure, and reflex 
responses in hemoniiage and exercise. 
Program available for IBM-PC compat- 
ible equipment R.2 
CIRCSIM: A TEACHING EXERCISE 
ON BLOOD PRESSURE 
REGULATION 

Simulated experiment based on a 
model of the baroreceptor reflex loop. 
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Program available for IBM-PC 
compai/^lc cquii^iTicnL R.2 
CmCSYST 

Simulation of hemodynamics. 
Available for IBM-PC compatible 
cquipmen:. N.3 
DIGESTION 

Tutorial covering digestion in 
simple organisms and humans. ' 
Program available for Apple II and 
TOS-80 Model III equipment J.l 
ENDOCRINE SYSTEM 

Tutorial covering hormones, effects 
and problems. Program available for 
Apple II and TOS-80 Model III 
equipment. J.l 
EXCRETION 

Tutorial reviewing metabolic 
wastes, waste removal, and kidney 
function. Program available for 
Apple II and TRS-80 Model III 
equipment. J.l 



VENDORS 

A. I Academic Hallmarks 
P.O. Box 998 

Durango. CO 81301 
(303)247-8738 

B. I BIOSOFT 
22 Hills Road 

Cambridge CB2 UP, United Kingdom 

P.O. Box 580 
Milltown, NJ 08850 

B. 2 Blosource Software 
2105 S.Franklin, Suite B 
Kirksville, MO 63501 
(816) 665-3678 

C. l Classroom Consortia Media, Inc. 
57 Bay Street 

Suien Island, NY 10301 

(800)237-1113 

(800)522-2210 

C.2 COMpress 
P.O.Box 102 
Wentworth, NH 03282 
(603)764-5831 

C3 Compuware 
15 Center Road 
Randolph. NJ 07869 
(201)366-8540 

C.4 CONDUIT 



The University of Iowa 
Oakdale Campus 
Iowa City, lA 52242 
(319)3354100 

D.I Datatech Software Systems 
19312 East Eldorado Drive 
Aurora, CO 90013 

D. 2 Diversified Education Enterprises 
725 Main Street 

Lafayette, IN 47901 
(317)742-2690 

DJ DYNACOMPJnc. 
1064 Gravel Road 
Webster, NY 14580 
(716) 671-6160 
(800) 828-6772 

E. 1 Educational Activities, Inc. 
P.O. Box 392 

Freepori, NY 11520 
(800) 645-3739 
(516)223-4666 

E.2 Educational Materials and 

Equipment Co. 
P.O. Box 17 
Pelham, NY 10803 
(914)576-1121 

E3 EduTech,Inc. 
303 Lamaline Street 
Jamaica Plain, MA 02130 
(617)524-1774 

H. l HRM Software 
175 Tompkins Avenue 
Pleasantville, NY 10570 
(914)769-7496 
(800)431-2050 

I. . ..idlana University School of Medicine 
Dej^ariment of Physiology and Biophysics 
635BanihiII Drive 

Indianapolis, IN 46223 

J.l J & S Software 
14 Vanderventer Avenue 
Port Washington, NY 1 1050 
(516)944-9304 

K.l KInko's Service Corporation 

4141 State Street 

Santa Barabara, CA 93110 

(800)235-6919 

in CA (800) 292-6640 

outside USA (800) 967-0192 



(516) 472-2111 

N.l National Resource for Computers in 

Life Science Education 
Mail Stop RC.70 
University of Washington 
SeatUc,\VA 98195 
(206) 548-6244 

N.2 Neosoftjnc. 
CBS Interactive Learning 
One Fawcctl Place 
Greenwich, CT 06836 
(800) 227-2574 

N.3 Newjersey Medical School 
Joseph Boyle, MD 
100 Bergen Street 
Newark, NJ 07103 
(201)456-4464 

0.1 Oakleaf Systems 
P.O. Box 472 
Decorah,lA 52101 
(319)382-4320 

R.i Randall, Dr. James 
Dcparimeni of Physiology 
Myers Hall 
Indiana University 
BIoomington,IN 47405 
(812)335-1574 

R.2 Rush Medical College 

Drs. Joel Michael and Alan Rovick 

Department of Physiology 

1750 West Hanrison Street 

Chicago, IL 60612 

(312)942-6426 

(312)942-6567 

5.1 Scott, Foresman and Company 
1900 East Lake Ave. 
GIcnview,lL 60025 

(312) 729-3000 

5.2 SImpac Educational Systems 
1105 North Main St. 

Suite lie 

Gainesville, FL 32601 
(904)376-2049 

S3 Sllwa Enterprises, Inc. 
2360-J George Washington Hwy 
Yorktown, VA 23666 
(304) 898-8386 

U.l University of Texas System Cancer 

Center 
MDAH, Box 6 
6723 Bcrtner 
Houston, TX 77030 
(713) 792-2581 



L.I Life Science Associates 
1 Fennimore Road 
Bayport,NY 11705 
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AIMS AND SCOPE The goal of Computers in Life Science Education is to provide a means of communication 
among life science educators who anticipate or are cuirently employing the computer as an 
educational tool. The range of content includes, but is not limited to, articles focusing cn 
computer applications and their underlying philosophy, reports on faculty/student 
experiences with computers in teaching environments, and software/hardware reviews in 
both basic science and clinical education settings. 



INVITATION TO CONTRIBUTORS Articles consistent with the goals of Computers in Life Science Education are invited for 

possible publication in the newsletter. 



PREPARATION AND SUBMISSION OF MATERIAL 

Articles submitted for publication should not exceed 2000 words and should be typewritten, 
double spaced, with wide margins. The original and two copies including two sets of figures 
and tables should be sent to the Editor: Dr. Harold Modell. NRCLSE, Mail Stop RC-70, 
University of Washington. Seattle, WA 98195. 

Title page should include full title, list of authors, academic or professional affiliations, and 
complete address and phone number of the corresponding author. 

Illustrations should be submitted as original drawings in India ink or sharp, unmounted 
photographs on glossy paper. The lettering should be such that it can be legible after 
red-iction (width of one column = 5.7 cm). 

Reference style and form should follow the "number system with references alphabetized" 
described in the Council of Biology Editors Style Manual References should be Usted in 
alphabetical order by the first author's last name, numbered consecutively, and cited in the 
text by the.<:e numbers. 



RESPONSIBILHy AND COPYRIGirr 
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AN OVERVIEW OF EXPERT 
SYSTEMS 

Monica Nagy 

Division of Instructional Development, University of Texas Health Science Center 
at San Antonio, San Antonio, Texas 



Expert systems is a branch of artificial 
intelligence that has dose ties to the 
life sciences. One of the first successful 
expert systems was developed by a 
team of researchers headed by Edward 
Shortliffe at Stanford University. The 
system, known as Mycin, gave advice 
on the diagnosis and treatment of infec- 
tious diseases and could perform as 
well as human experts or even out per- 
form human experts in the field.^ A 
recent bibliographic search revealed 
that twenty-four articles on expert sys- 
tems have been published by health sci- 
ence journals in the last three years. 
This paper will examine the character- 
istics of an expert system, explain its 
functioning parts, and give a working 



example of an actual expert systems 
development project. 

An expert system is a computer pro- 
gram that p'- els the actions of a hu- 
man expert consultant. The best way to 
understand an expert system is to ex- 
amine the characteristics of a human 
expert consultant. Consider the follow- 
ing scenario. 

Jane is the office manager of a small 
company. Being a high prestige orga- 
nization, the appearance of the client 
waiting area is of the utmost impor- 
tance^ Several months ago, the com- 
pany invested a large sum of money in 
indoor plants for the client waiting 
area. The plants gave the waiting area 
a friendly and relaxed atmosphere that 
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many clients have since commenied on. 
In the last week, however, the plants 
have started to look limp. Some of 
them have developed yellow spots on 
their leaves. Since Jane's bachelor 
degree in business administration did 
not prepare her for dealing with sick 
plants, she decides to hire an indoor 
plant consultant. 

Jane's first step in hiring the plant 
consultant is to draw up a list of citeria. 
She decides that the plant consultant 
must have the following five qualities: 

• KNOWLEDGE 

The consultant must be very know- 
ledgeable about the problem at hand. 
Someone with several years of expe- 
rience would be preferred. This per- 
son does not need to have a Ph. D. in 
botany, but they do need to know a 
good deal about the care of indoor 
plants. 

• RELIABILITY 

The consultant should be reliable and 
capable of judging whether he or she 
is able to give advice on the problem. 
Far too often has Jane been stung by 
high-priced consultants who gave the 
wrong answer or would not admit that 
they could not solve the problem. 

•ABILITY TO EXPLAIN WHY 
The consultant should also be able to 
explain why certain factors are impor- 
tant The company cannot affoM to 
hire a consultant every time the plants 
get sick. The consultant, theref'^re, 
should be able to explain wha 
wrong and give advice on how lO pre- 
vent the problem from happening 
again. 

•ABILITY TO EXPLAIN HOW 
Most of all, the consultant should be 
able to explain how he or she arrived 
at the conclusions and be able to justi- 
fy the results. This provides a backup 
in case the results are unusual or do 
not seem logical. 

•FRIENDLINESS 

Finally, an ideal consultant should be 
friendly and easy to work with. 
Although this criteria is often hard to 
meet, a friendly consultant makes for 



a much more pleasant experience and 
helps encourage further consultations 
in the future. 

KEY FEATURES OF AN EXPERT 
SYSTEM PROGRAM 
Let's examine each of Jane's five cri- 
teria for an expert human consultant 
and see how it applies to an expert sys- 
tem program. Jane's first requirement 
was that the consultant be knowledge- 
able and experienced in the problem 
area. An expert system program 
achieves this by containing all the rules 
and facts about a certain subject area. 
This collection of rules and facts is 
called the knowledge base. 

Jane's second criterion, reliability, is 
another crucial factor in an expert sys- 
tem. An expert system program, just 
like its human counterpart, would be of 
little use if it were not reliable. To en- 
sure reliability, expert system programs 
have a very narrow scope of expertise. 
At the present time, you would be hard 
pressed to find an expert system that 
could simulate the actions and experi- 
ence of Ph.D. level botanisL You 
could, however, find one that gave ad- 
vice on common houseplants. A col- 
league, Janise Richards, is developing 
one that diagnoses common houseplant 
ailments. When an expert system can 
give advice, the advice is usually in 
terms of c^nty factors. A certainty 
factor is the degree to which an expert 
system thinks its advice is correct for 
that particular case. The certainty fac- 
tors are reported either as percentages: 
"50% certainty of outcome #1," or as 
range: "On a scale of one to ten, your 
chances of#l are 5." 

Jane's next two criteria are the most 
import characteristics of an expert sys- 
tem program. The ability to answer 
how and why are, in my opinion, the 
two features that distinguish expert sys- 
tems from other advice-giving pro- 
grams. This ability also makes expert 
system programs a good learning tool. 
Rather than being simply a passive 
device, an expert system program can 
show you the logic behind its questions 
and its decisions. 
Jane*s final criterion, that the expert 
consultant be friendly and easy to work 
with, also applies to expert system pro- 



grams. Most people would be reluctant 
to reuse any computer program with 
which they had a great deal of difficul- 
ty. For this reason, expert systems 
should strive to be user friendly. 

To summarize, the key features of an 
expert system program are very similar 
to those of a good human expert con- 
sultant. An expert system contains a 
large amount of knowledge* about a 
specific subject area. In order to ensure 
reliability, it teUs the user when it can 
and cannot give advice. When it can 
give advice, it often uses certainty fac- 
tors to indicate its degree of confidence 
in that advice. Finally expert systems 
help their users learn about the subject 
area by explaining their reasoning and 
their advice. Ideally, they should be 
friendly and easy to use. 

COMPONENTS OF AN EXPERT 
SYSTEM 

In order to acheive these goals, an ex- 
pert system is constructed of three 
parts, the rule base, the database and 
the inference engine. The rule base 
holds all the expert information. It typ- 
ically stores this information in the 
form of if-then rules. For example, a 
rule used in a plant diagnosis expert 
system might read: 

If 

white, wooly spots appear on 
stem, leaves, or base of stem 
and leaves develop sticky patches 
and growth is stunted 

then diagnosis is mealy bugs 

This type of if-then rule is also known 
as production rule. 

TTie next part of an expert system is 
called the database. The database holds 
all the facts about the specific case. 
These facts are supplied by the user. In 
the case oi Jane and her sick plants, the 
facts might be "plant appears to be 
limp" and "yellow patches on leaves." 
The database changes with each new 
case. The database and the rule base 
together are often termed the know- 
ledge base of the expert system because 
these are the two parts that store the 
knowledge. 

The final, and most important part is 
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the inference engine. The inference en- 
gine is the driver of the expert system. 
It is where all the actual "thinking" 
takes place. It uses the rules in the rule 
base and facts in the database to decide 
on the advice to give. 

BUILDING AN EXPERT SYSTEM 
Expert systems are easiest to build 
when the subject area is narrow and the 
rules are straight-forward and non- 
conflicting. For example, an expert 
system could be written to give advice 
on simple operations on a computer 
such as changing the default disk drive 
or displaying a directory.* The rules for 
performing these operations are usually 
listed in the computer's guide to opera- 
tions. When the rules have already 
been written down, as in the case of a 
manual or quick reference g^iide, the 
creation of an expert system is made 
much easier. Many excellent expert 
systems have been created by first in- 
terviewing a number of human experts 
and then translating their expertise into 
rules. This process can be very time 
consuming and can also produce con- 
flicting rules. 

When there is no general consensus 
on the rules, or there exists a multitude 
of special exceptions, building an ex- 
pert system becomes difficult. In col- 
lege, I once gave a presentation on ex- 
pert systems to a group of my fellow 
computer science majors. A short ex- 
ample program on how to identify a 
science fiction movie seemed to be ap- 
propriate since science fiction is of in- 
terest to most aspiring computer scien- 
tists. It quir' 'y became apparent that 
science ficaon movies were difficult to 
classify. As soon as one set of rules 
was finished, a conflicting example 
would arise. Almost everyone consul- 
ted had a different definition of a sci- 
ence fiction movie. Few could agree 
on even ten common factors. How 
would you classify The Twilight Zone ? 
What is the dividing line between sci- 
ence fiction and fantasy? Everyone 
agreed that a futuristic setting would be 
a good indicator. How far in the future 
the movie would have to be set could 
not be agreed upon. The presence of 
new technology was another factor 
commonly agreed upon. No consensus 



could be reached on how new the tech- 
nology would have to be. I later came 
to find out that this debate has been 
going on for some time and shows no 
signs of being settled any time soon. A 
general consensus on the rules is neces- 
sary for building an expert system. 

Let's see how all this information 
applies to an actual expert system de- 
velopment project. For the past year, I 
have worked on an expert system with 
Emst Schelb, DMD, at the Dental 
School of the University of Texas 
Health Science Center at San Antonio. 
Our goal was to design and implement 
an expert system in the area of endo- 
dontics, to be used by second year den- 
tal students. The system was to be used 
for practice in the student lab. Endo- 
dontics is the area of dentistry that 
deals with the nerves and blood vessels 
on the inside of the tooth. Our expert 
system, known as *The Hurting Tooth 
Advisor," deals with diagnosing pain in 
a single suspect tooth. It does not deal 
with pain ftom other teeth or pain 
caused by problems outside of the 
mouth. Dr. Schelb felt that endodon- 
tics, as compared to other areas of den- 
tistry, lent itself most to an expert sys- 
tem because of the small number of 
possible diagnoses. Also, the rules for 



diagnosis in endodontics are more 
straight-forward and less conflicting. 

We began with a matrix that listed 
signs, symptoms and test outcomes 
across the top and possible diagnoses 
along one side. We then narrowed the 
signs, symptoms and tests down to 
three categories, description of the 
pain, clinical findings, and radiographic 
findings. We used the information in 
the matrix to write the rules. An expert 
system is much easier to create if the 
rules have already been formulated. 

PROGRAM EXAMPLE 
When it came time to transfer the rules 
to the computer, we chose to use the 
EXS YS expert system generator (EX- 
SYS Inc., P.O. Box 75158, Station 14, 
Albuquerque, NM 87194). Generator 
programs greatly ease and accelerate 
the creation of an expert system. They 
take care of all the details. They usual- 
ly provide the inference engine and a 
facility for displaying questions to the 
end user. They also allow the end user 
to ask why a question is being asked 
and, if they so desire, to see the rules 
that were used. Best of all, most gen- 
erator programs are designed to be used 
by non-programmers. 
Besides the features mentioned above, 



Add rule <A> or <EiNTER>, Edit rule <E>, Delete rule <D>. Move rule <M>, 
Pfint <P>, Store/exit <S>, Run <R>. Options <0>. DOS <Cirl-X>. Help <H> 

FIGURE 1. The main editor screen. 
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EXS YS has a specialized editor for en- 
tering rules. This means that it prompts 
the person editing the rule for each of 
the rule*s components (see Figure 1). 
Once the rules are entered, they can be 
tested right away by pressing "R" for 
run. The atecedent, or "if' part, of each 
rule is translated into a question for the 
student to answer. The expert system 
uses the rules themselves and the 
answers that ihe student has given thus 
far to determine which question will be 
asked next. For instance, in Figure 2, if 
the student answers that the tooth 
shows signs of caries, the next question 
would ask how extensive the caries 
were. If the student did not indicate 
that caries could be seen, the expert 
system would go on to the next cate- 
gory of questions. The student would 
not see the extra question on caries. 

While using the expert system, a stu- 
dent can ask why a question is being 
asked by entering "WHY" as the re- 
sponse to a question. The student also 
has the option of seeing the rules as 
they are used. Once the student has 
answered all the questions, the possible 
diagnosis and treaUnent plan are dis- 
played. At this point, the student can 
either print the advice, change some of 

Values based on 0/1 system 



THE SUSPECT TOOTH SHOWS SIGNS OF 

1. CARIES 

2. PREVIOUS RESTORATIONS 

3. WEAR ON THE OCCLUSAL ENAMEL SURFACE 

4. CERVICAL ABRASION 



Enter numbcr(s) of value(s), WHY for information on the rule, 
<?> for more details, QUrr to save data entered or <H> for help. 

FIGURE 2. A quesUon screen. At this point the student could enter the number coirespond- 
mg to a selected choice, the word "WHY" to see the current rule, a "?" for more details, 
QUIT" to save the infoimaUon entered so far or "H" for help on using the expert system. 



their answers, and run the system again, 
or start over from the beginning (see 
Rgure 3). 

The Hurting Tooth Advisor is now in 
a prototype stage, meaning that it gives 



1. CAN GIVE ADVICE 

2. INFERRED TREATMENT IS APPLY SODIUM FLUORIDE 

3. INFERRED DIAGNOSIS IS CERVICAL ABRASION 



VALUE 

1 
1 



A!! choices <A>, only if value>l <G>. Prin: <P>. Change i ^d rerun <0. rules used <line 
number>. Quit/save <Q>. Help <H>, Done <D>: 

FIGURE 3, The conclusions are displayed in tenns of certainly factors. In this case, the 
certainty factor will either be zero, for false, or one, for true. 



accurate results only for a few chosen 
cases. We hope to develop this into a 
fully operational system. 

In conclusion, an expert system is a 
computer program that simulates the 
human capabilities of knowledge, relia- 
bility, the ability to explain the impor- 
tance of key factors, the ability to ex- 
plain how a conclusion is reached, and 
the ability to be friendly and easy to 
use. Expert systems attain these abili- 
ties by organizing information into a 
rule base and a database. They also 
contain an inference engine that drives 
the whole process. Finally, an expert 
system is easiest to build in an area that 
has well codified rules and guidelines 
that are straight-forward and non- 
conflicting. 
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WHERE'S THE SOFTWARE? 



In the past, we have published lists of 
life science software sources and pro* 
grams or program areas evailable 
through them. The following list is 
presented as the latest in a continuing 
effort to make colleagues aware of po* 
tential resources. As in the past, no 
attempt has been made by NRCLSE to 
review these materials. 

This month's listings continue last 
month's and are arranged by content 
area. Each item includes a vendor code 
relating the software to the vendors ap- 
pearing at the end of the software lists. 

If you have found specific software 
helpful in your teaching efforts, please 
share your good fortune by letting us 
know about the program(s) and sup- 
plier(s) so that we can make this infor- 
mation available through future 
Where's the Software lists. Send per- 
tinent information to Dr. Harold 
Modell, NRCLSE, Mail Stop RC-70, 
University of Washington, Seattle, WA 
98195 or send us a note on BITnet. 
Our BITnet address is MODELL@ 
UWALOCKE. 

PHYSIOLOGY 

CONCEPTS IN THERMOGRAPHY 

Tutorial covering basic DC concepts, 
peripheral vascular physiology, detecting 
skin temperature, amplifiers, and processing 
DC signals. Program for Apple n 
equipment B.2 
EXERCISE EXPERIMENTS 

Part of 10 program paclage Experiments 
in Human Physiology. The effect of 
exercise and physical condition on heart 
rale, breathing rate, and skin temperature is 
investigated. Program available for Apple 
n equipment. H.l 
GAS DIFFUSION IN THE LUNG 

Simulation of oxygen and C02 transfer 
between alveolar air and blood. Program 
available for IBM-PC compatible 
equipment I.l 
HEARTRATE 

Part of 10 program package Experiments 
in Human Physiology. Light and light 
sensor for measuring and recording heart 
rate. Program available for Apple II 
eqiripment H.l 

HOMEOSTASIS- THERMOREGULATION 
Part of 10 program package Experiments 
in Human Physiology. Students investigate 
the body's aJbiliiy to maintain a constant 



internal temperature by subjecting a volun- 

leer to mild temperature excursion while 

recording and displaying skin and body 

temperature. Program available for Apple 

n equipment H.l 

HUMAN BODY-STRUCTURE AND 

FUNCTION 

Simulation covering joint movement, 
movement of food through digestive sys- 
tem, and enzyme activity. Program avail- 
able for Apple n equipment. S.l 
MODEL NEURON 

Simulation of the behavior of an isolated 
neuron. Program available for Macintosh 
equipment K.l 

MUSCLE MECHANICS: A COMPUTER- 
SIMULATED EXPERIMENl' 

Simulated experiment that permits the 
user to detennine either the length- tension 
or the force-velocity relationship of a 
skeletal muscle. Program available for 
IBM-PC compatible equipment R.2 
NERVOUS SYSTEM 

Tutorial covering nerves, reflexes, and 
chemical transfer of impulses. Program 
available for Apple n and TRS-80 Model 
m equipment J.l 

PHYSIOLOGICAL DATA SIMULATION 

25 simulations covering aspects of physi- 
ology. Program available for Apple II and 
IBM-PC compatible equipment 0.1 
PROBLEMS IN FLUID COMPARTMENT 
RE-DISTRIBUTION 

Tutorial covering solution of simple prob- 
lems of fluid compartment changes in the 
face of perturbations. Program available for 
IBM-PC compatible equipment R.2 
PSYCHOLOGICAL STRESS-LIE 
DETECTOR 

Part of 10 program package Experiments 
in Human Physiology. The physiological 
response to the stress of a frustrating and 
abusive quiz is measured. Program 
available for Apple n equipment H.l 
PULMONARY MECHANICS 

Tutorial and simulation dealing with pul- 
monary mecham'cs. Available for IBM-PC 
compatible equipment N3 
RESPIRATION RATE 

Part of 10 program package Experiments 
in Human Physiology. A napping subject is 
monitored for heart and breathing rate. 
Results are compared to the data acquired 
when the subject is awake. Program 
available for Apple II equipment. H.l 
RESPONSE-TIME 

Part of 10 program package Experiments 
in Human Physiology. Users measure 
finger reaction times with a bright light 
stimulus (sensor included). Program 



available for Apple n equipment. H.l 
RESPONSE-TIME INVESTIGATIONS 

Part of a 10 program package Expoiments 
in Human Physiology. The effects on reac- 
tion limes of stimulus type and response 
location are studied. Program available for 
Apple n equipment. H.l 
RESPSYST, GASEXCH 

Simulations dealing with pulmonaiy gas 
exchange. Available for IBM-PC compat- 
ible equipment. N3 

SIMULATIONS IN PHYSIOLOGY - THE 
RESPIRATORY SYSTEM 

Scries of 12 simulations dealing with 
respiratory mechanics, gas exchange, 
chemoregulation and acid-base balance. 
Program available for Apple n, IBM-PC 
compatible, and Macintosh equipment. N.l 
SKELETAL MUSCLE ANATOMY/ 
PHYSIOLOGY 

Tutorial covering three muscle categories, 
skeletal muscle microstructure, sliding fila- 
ment theory, motor units, and lever systems. 
Program for Apple 11 equipment. B.2 
SKELETAL MUSCLE MECHANICS 

Set of six simulations dealing with muscle 
physiology. Program available for IBM-PC 
compatible equipment LI 
SKILLS IN ELECTROMYOGRAPHY 

Tutorial covering skin preparation, reduc- 
ing EMG artifact, testing a myograph 's op- 
eration, electrode location, and preventing 
shock hazards. Program for Apple 11 
equipment B.2 
SKIN TEMPERATURE 

Part of a 10 program package Experiments 
in Human Physiology. Temperature probe 
(included) senses body and skin tempera- 
tures. Program available for Apple II 
equipment H.l 

POPULATION DYNAMICS 
COEXIST :P op ulation Dynamics 

Simulation of the growth of two popula- 
tions either independently or in competition 
for the same limited resources. Program 
available for Apple 11 equipment. C.4 
ISLAND BIOGEOGRAPHY 

Three simulations of island communities 
dealing with the relationship between island 
area and number of species, colonization of 
a ne*v island, and island immigration and 
extinction. Program available for Apple n 
equipment C.4 
UMTTS 

Simulation of the effects of growth on 
worid population, pollution, food supply, 
industrial output, and natural resources. 
Program available for Apple H, PET/CBM 
and TRS-80 Model m equipment C.3 
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MARK Sl RECAPTURE 

Simulation of mark and recapture experi- 
menls to explore three models for estimat- 
ing population sizes. Program available for 
Apple n equipment. C.4 
POP 

Simulation of three growth models (expo- 
nential, logistical, and logistical with low 
density). Program available for Apple n, 
PET/CBM, and TRS-80 Model m equip- 
ment. C3 

POPGRO'POPULATION GROWTH 
SIMULATION 

Simulation of unlimited growth (J-curvc), 
limited growth (S-curve) and limited growth 
with response lag time (S-curve with 
oscDlations) models of population growth. 
Program available for Apple n, TRS-80 
Models I and HI, IBM-PC, and Commodore 
64/128 equipment. D.2 
POPULATION FLUCTUATIONS 

Tutorial covering factors influencing pop- 
ulation growth. Program available for Ap- 
ple n, TRS-80 Models I and III equipment 
E.2 

POPULATION GROWTH 

Simulation dealing with exponential and 
density-dependent gowth. Program for 
Apple n equipment. C.2 
POPULATION GROWTH 

Simulation of population growth. The 
parkage compares and contrasts the geo- 
metric or exponential growth model with 
the logistic or Verhulst-Pearl growth model. 
Program available for Apple n equipment 
C.4 

POPULATON SIZES 

Simulation dealing with a dynamic popu- 
lation. Progran? for Apple n equipment. 
C.2 

SUBSTA:^CE ABUSE 
DRINKING AND NOT DRINKING 

Tutorial designed to augment strategies 
for the prevention of substance abuse. 
Includes facts about drinking and the effects 
of alcohol. Program available for Apple n 
equipment K.l 

INTRODUCTIONTO PSYCHOACTIVE 
DRUGS 

Tutorial designed to augment strategies 
for the prevention of psychoactive drug 
abuse. Program available for Apple n 
equipment K.l 
KEEP OFF THE GRASS 

Tutorial designed to augment strategies 
for the prevention of marijuana abuse. Pro- 
gram available for Apple n equipment. K.l 
SIX CLASSES OF PSYCHOACTIVE 
DRUGS 

Tutorial designed to augment strategies 
for the prevention of psychoactive drug 
abuse. Program available for Apple n 
equipment K.1 



SUBSTANCE ABUSE DATA BASE 

Database containing contact infomiation 
on substance abuse organizations. Program 
available for Apple n equipment K.l 

ZOOLOGY 
ZOOLOGYI 

Tutorial covering the general charactistics, 
structures, and fimctions that define the 
major invertebrate phyla. Program avail- 
able for Apple n and IBM-PC compatible 
equipment S.3 
ZOOLOGY II 

Tutorial covering physiology in the Phy- 
lum Chordata. Program available for Apple 
n and IBM-PC compatible equipment S3 

MISCELLANEOUS 
BAFFLES, BAFFLES II 

Game to help students develop deductive 
reasoning and problem solving skills. 
Program available for Apple n (BAFFLES) 
and IBM-PC compatible (BAFFLES H) 
equipment C.4 
BALANCE-PREDATOR'PREY 
SIMULATION 

Simulation of the effects of food supply, 
canying capacity, environmental condi- 
tions, and external pressures or predator/ 
prey relationships. Program available for 
Apple n, TRS-80 Models I and m, IBM- 
PC, and Commodore 64/128 equipment 
D.2 

BLANCH AER CLINICAL CASE STUDIES 
Eif ht simulations of clinical syndromes. 
Program available for Apple n equipment 

CLASSIFY'CLASSIFICATION KEY 
PROGRAM 

Presents an unclassified set of characteris- 
tics and labels for classification at various 
levels. Program available for Apple n, 
TRS-80 Model m, ffiM-PC, and Commo- 
dore 64/128 equipment D.2 
GRADE KEEPER -PC 

Grade book manager that handles classes 
up to 300 students, up to 25 grades per 
student Program available for IBM-PC 
compatible equipment 0.1 
GRADEDK 

Program for the analysis of a large set of 
grades. Program available for IBM-PC 
compatible equipment I.l 
LABPLOT 

Allows the Apple n with any AJD con- 
verter card to be used as a multipcn chart 
recorder or as an X/Y plotter. B.l 
LIFE TABLES AND THE LESLIE MATRIX 
Tutorial-simulation dealing with the basic 
life table and Leslie Matrix. Program 
available for Apple n equipment. C.4 
MALARIA 

Simulation of the effects of various types 
of malaria epidemic controls. Program 



available for Apple ii, PET/CBM, and TRS- 
80 Model HI equipment C.3 
MULTI'Q 

A general purpose question creation and 
presentation system. Program available for 
Apple n arid IBM-PC compatible equip- 
ment B.l 
PREDATION 

Simulation of predator-prey interactions. 
Program available for Apple n equipment 
C.4 

PREDATION EQUILIBRIA 

Simulations of equilibrium models of 
predator-prey interaction. Program avail- 
able for Apple n equipment. C 4 
"2" EDUCATIONAL AUTHORING 
SYSTEM 

Authoring system for tutorial and assess- 
ment material. Allows incorporation of 
graphics and videodisc material. Program 
available for IBM -PC compatible equip- 
ment B.l 
RATS 

Simulation of rat control In city or apart- 
ment by sanitation and various poisons. 
Program for Apple H, PET/CBM, and TRS- 
80 Model HI equipiient 0.3 
STERL 

Simulation exploring effectiveness of pest 
control methods. Program available for 
Apple n, PET/CBM, and TRS-80 Model HI 
equipment C.3 

TRIBBLES, TRIBBLES Revisited 

Simulation to introduce students to the 
scientific method. Programs available for 
Apple n (Tribbles) and IBM-PC compatible 
(Tribbles revisited) equipment C.4 

VENDORS 

A. l Academic HaHmarks 
P.O. Box 998 

Durango, CO 81301 
(303) 247-8738 

B. 1 BIOSOFT 
22 Hills Road 

Cambridge CB2 1 JP, United Kingdom 

P.O. Box 580 
Milltown, NJ 08850 

B. 2 Biosource Software 
2105 S. Franklin. Suite B 
Kirksville, MO 63502 
(816) 665-3678 

C. I Classroom Consortia Media, Inc. 
57 Bay Street 

Stalcn Island, NY 10301 
(800)237-1113 
(800) 522-2210 

C2 COMpress 
P.O. Box 102 
Wentworth, NH 03282 
(603)764-5831 
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C3 Compuware 
15 Center Road 
Randolph. NJ 07869 
(201) 366-8540 

C. 4 CONDUIT 

The University of Iowa 
Oakdale Campus 
Iowa City, lA 52242 
(319)3354100 

D. 1 Datatech Software Systems 
19312 East Eldorado Drive 
Aurora, CO 90013 

1)2 Diversified Education Enterprises 
725 Main Street 
Lafayette. IN 47901 
(317)742-2690 

D3 DYNACOiMP, Inc. 
1064 Gravel Road 
Webster. NY 14580 
(716)671-6160 
(800) 828-6772 

E. I Educational Activities, Inc. 
P.O. Box 392 

Freeport, NY 11520 
(800) 645-3739 
(516)223-4666 



N.l National Resource for Computers In 

Life Science Education 

Mail Stop RC-70 

University of Washington 

Seattle, WA 98195 

(206) 548-6244 

N^ Neosoftjlnc. 
CBS Interactive Leaming 
One Fawcea Place 
Greenwich. CT 06836 
(800) 227-2574 

N3 New Jersey Medical School 
Joseph BoyIe» MD 
100 Bergen Street 
Newark, NJ 07103 
(201) 456-4464 

O.I Oakleaf Systems 
P.O. Box 472 
DecorahJA 52101 
(319) 382-4320 

R.1 Randall, Dr. James 
Department of Physiology 
Myers Hall 
Indiana University 
Bloomington, IN 47405 
(812) 335-1574 



R^ Rush Medical College 

Drs. Joel Michael and Alan Rovick 

Department of Physiology 

1750 Wesi Harrison Street 

Chicago. IL 60612 

(312) 942-6426 

(312) 942-6567 

5.1 Scott, Forcsman and Company 
1900 East Lake Ave. 

Glenview. IL 60025 
(312)729-3000 

5.2 SImpac Educational Systems 
1105 North Main St. 

Suite lie 

Gainesville. FL 32601 
(904) 376-2049 

S3 Sllwa Enterprises, Inc. 
2360-J George Washington Hwy 
Yorktown. VA 23666 
(804) 898-8386 

U.1 University of Texas System Cancer 
Center 

MDAH. Dox 6 
6723 Bertner 
Houston, TX 77030 
(713) 792-2581 



E.2 Educational Materials and 

Equipment Co. 
P.O.Box 17 
Pelham. NY 10803 
(914)576-1121 

E3 EduTech, Inc. 
303 Lamatine Street 
Jamaica Plain, MA 02130 
(617)524-1774 

H.l HRM Software 
1 75 Tompkins Avenue 
Pleasantville. NY 10570 
(914) 769-7496 
(800) 431-2050 

LI Indiana University School of Medicine 
Department of Physiology and Biophysics 
635 Bamhill Drive 
Indianapolis, IN 46223 

J.1 J&S Software 
1 4 Vandervcnter Avenue 
Port Washington, NY 1 1050 
(516) 944-9304 

K.l KInko's Service Corporatloa 

4141 Sure Street 

Santa Barabara, CA 93110 

(800) 235-6919 

in CA (800) 292-6640 

outside USA (800) 967-0192 

L.l Life Sclerce Associates 
1 Fennimore Rjad 
Bayport,NY 11705 
(516)472-2111 
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Vhysiolog^' jnd other life scientists 
can use inathematical models profitably 
;o create and test new scienfific fiieo- 
ries as well as to demonstrate to their 
students th' ' *a nor of complex bio- 
logical sys 1 -tfortunately, creat- 
ing such nic j*^i:> oft*^vi requires more 
computer programming expertise or 
more time and effort than the invest! 
gatur can afford to invest in model 
\yhether it is a research tool or a didac- 
tic device. Therefore, we were in- 
trigued by La'jVicw*, a giaphic pro- 



* l^^j???*^^*^ programming lancuage is actually 
called G, but ii is bcucr known by the trade name 
LabView, an acicnym for laboratory virtual in- 
stnimeni engineering workbench. The LabView 
package consists of four 35 inch dislis and a 
two-volume r jiuaL It is available from Nation- 
al Insmimt;:s, 12109 Technology Blvd., Austin, 
Texas, 78727-91 19, and it luns on a 1Mb Mac 
Plus, SE, or n. An external floppy or hard disk 
is required. 



giamming language that recently be- 
came available for the Macintosh com- 
pter. 

Because physiologists generally think 
of organ systems in terms of olock dia- 
graiHs and feedback loops, we thought 
perhaps a graphic pn^ 'nming lan- 
guage would make c . . •."ucting a 
mathematical model easier, less time- 
consuming, and more intuitive than 
conventional computer languages. 

Therefore, the purpose of this com- 
munication is to report our experience 
using LabView to construct mathemat- 
ical models of physiological systems. 

Because LabView was originally 
developed to control laboratory instru- 
ments and to collect and analyze data, a 
LabView program can be thought of 
metaphorically as a "virtual instru- 
ment" A virUial instrument consists of 
a front panel and an executable block 
diagram. In one window on the corn- 
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puter screen, the front panel displays 
the various input and output controls 
available to the user or programmer: 
graphic representations of switches, 
dials, knobs, digital or analog meters, 
strip-charts, etc. The appearance of 
these controls or display devices 
changes to illustrate the data going into 
or out of the virtual instrument 

A second window contains the block 
digram that constitutes the program 
that the computer executes. In the 
block diagram, numeric variables, dis- 
play devices, program control struc- 
tures such as For-Next loops, and arith- 
metic operations are nodes represented 
graphically by icons. The programmer 
uses various menus to obtain the de- 
sired icons and then places them in the 
block diagram. "Wires" connecting the 
icons define the path of data flow from 
one node to the next. The execution 
environment is inherently parallel and 
data-driven, (ie, each icon or node exe- 
cutes its particular function when all 
necessary input data are available to 
it).^ The ou^ut of that particular node 
is then passed on to llie next. The 
block diagram of one virtual instrument 
can even contain other virtual instru- 
ments within it. Thus, previously pro- 
grammed routines can easily be incor- 
porated into a more elaborate model. 
According to a recent report, "the in- 
tended user base for Lab View includes 
engineers and scientists with no pro- 
gramming experience or limited expe- 
rience with a simple language like 
BASIC." ^ Therefore, being only mod- 
erately proficient in BASIC, we felt ap- 
propriately qualified to evaluate Lab- 
View as a programming laiiguage for 
physiological simulations. To do so, 
we programmed two well-known car- 
diovascular models in LabView. In the 
rest of this report, we describe the pro- 
grams themselves, our experience in 
creating them, and our perceptions of 
the strengths and weaknesses of Lab- 
View as a method for modeling physio- 
logical systems. 

A SIMPLE CARDIOVASCULAR 
MODEL 

The following model of the cardiovas- 
cular system was originally proposed 
by Guyton et d^} Rothe^ later devel- 
oped it into a teaching tool for courses 



in caidio vascular physiology. The 
model was designed to simulate the 
interaction between the heart and the 
peripheral vascular system and to dem- 
onstrate homeostatic responses to a 
variety of perturbations to the cardio- 
vascular system (eg, exercise, cardiac 
failure, and hemorrhage). 

The model consists of three compart- 
ments: a single-chambered heart, an 
artery, and a vein. Under steady-state 
conditions, each compartment contains 
a specific volume of blood. The pres- 
sure in each compartment is deter- 
mined by the compartment's compli- 
ance and its blood volume. Blood flow 
between compartments is a function of 
the pressure gradients and resistances 
between compartments. To simulate 
the Frank-Starling mechanism crudely, 
cardiac output is computed simply as a 
linear function of heart volume. Al- 
though there are no "reflexes" per se, 
the appropriate cardiovascular effectors 
(ie, arterial resistance and compliance, 
venous resistance and compliance, and 
cardiac contractility) c^*" be modified 



by the user. In addition, there is also a 
provision for simulating hemorrhage or 
transfusion by increasing or decreasing 
the total blood volume. 

Figure 1 shows the "front panel" of 
the cardiovascular model as it appears 
on the Macintosh screen. The slide 
switches permit the user to change the 
resistances (Art.R and VenJR) and 
compliances (ArLC and Ven.C) of the 
two vascular compartments, cardiac 
contractility (Ctrt), and the total blood 
volume (AVol). The tv^'o strip-charts 
continuously display the cardiac output 
and arterial pressure. The digital in- 
dicators for each compartment show 
the current numerical values for the 
blood volumes (Art.V, Ven.V, and 
HrtV) and pressures (Art.P, Ven.P, and 
HrtP) as well as the total blood volume 
(Tot.V). In Figure 1, the input and out- 
put values shown on the slide switches 
and other indicators are the initial de- 
fault values specified by Rothe.'* 

Figure 2 shows the block diagram for 
the simple cardiovascular model. All 
of the actual calculations are performed 
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FIGURE 1. Front panel of a simple cardiovascular model. A window on the computer 
s^rfecn shows the four types of control and display devices used in this model. Slide switches 
select values for cardiac contractility (Ctrl), the rate of hemorrhage or infusion (AVol), and 
arterial and venous resistances (ArtR and Ven.R) and compliances (Art.C and Ven.C). 
Digital indicators show blood volumes in the tJu"ee compartments, and strip-chart simulators 
I/rovide a continuous record of cardiac output and arterial pressure. A binary on-off switch 
stops and starts program execution. 
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Simple Cardiovascular Model Diagram 




FIGURE 2. Block diagram of a simple cardiovascular model. A LabView diagram is the 
program that the computer executes. Each icon represents the arithmetic operation denoted 
?^Mm.^*^*5 corresponds to a switch or display device on the from panel shown in Figure 
1 . Wires define the path of data flow. For details of operation, see text. 



within a While-Wend Loop activated 
by an On/Off switch located on the 
front paneL In the diagram, the On/Off 
switch is "wired" to the "recirculation 
terminal" (counterclockwise arrow) at 
the bottom right-hand comer. The 
While-Wend Loop is used to provide 
continuous operation and to store the 
compartmental volumes for use in the 
next iteration. These values arc stored 
from one iteration to the next by the 
three shift-registers (boxed arrows) 
located on the left and right borders of 
the While- Wend Loop structure. The 
three numeric constants wired to the 
shift-registers on the left border of the 
While-Wend Loop initialize the shift- 
registers and provide the starting values 
of the blood volumes in the three com- 
partments. 

Within the WhUe-Wend Loop, the 
program proceeds from left to right. 
The first step in the program is to cal- 
culate ihe pressures in the three com- 
partments by dividing the volumes 
specified in the three shift-registers by 
the corresponding compliance values 
selected on the front panel. These cal- 
culations are pcrfonried by three divi- 
sion icons. For example, to calculate 
the pressure in the arterial compart- 
ment, the arterial shift-register is wired 
to the upper terminal (the numerator) of 
one division icon, and the arterial com- 
pliance slide switch control is wired to 
the bottom terminal (the denominator). 
The output terminal of the division icon 
(the quotient) is wired to both a strip- 
chart indicator and a numeric indicator 
to display the arterial pressure on the 
fi-ont panel. The same procedure is 
used to calculate the pressures in the 
venous and cardiac compartments. 

The next step in the program is to cal- 
culate the pressure gradients between 
the arterial and v ^ous compartments 
and between the venous and cardiac 
compartments. These pressure differ- 
ences are calculated by wiring the three 
division output terminals into two sub- 
traction icons. The pressure differ- 
ences are then divided by the arterial 
and venous resistances to determine the 
blood flow from the arterial to the ve- 
nous compartment and from the venous 
compartment to the heart. 

As shown in the lower portion of Fig- 
ure 2, cardiac output is simply a linear 



function of heart volume and is calcu- 
lated by multiplying the heart volume 
by the slope of the relationship between 
heart volume and cardiac output. How- 
ever, note that the slope of this relation- 
ship depends on the cardiac contractil- 
ity (Hrt, Ctrt) and that cardiac contrac- 
tility can be changed from the default 
valve (100%) by using the slide switch 
on the front panel. 

Under steady-state conditions, blood 
flow through the three compartments 
will be equal. However, following any 
perturbation, a transient imbalance in 
blood flow between any two compart- 
ments will redistribute the blood vol- 
ume. Therefore, the next step in the 
program is to calculate the volume 
shifts among the three compartments 
(ie, cardiac output minus arterial run- 
off, arterial runoff minus venous return, 
and venous return minus cardiac out- 
put). These {J^^fcrences between each 
compartmaa'$ Inflow and outflow are 
then multiplj<>3 by an increment in time 
(dt). The result of this integration is 
added to the old volume from the pre- 
vious iteration (from the shift-register 
on the left) to yield the new instanta- 
neous volume in each compartment. 
The new instantaneous volume is then 



passed to the shift register on the right 
and stored until the next iteration. Fi- 
nally, the slide switch AVol allows the 
user to select a rate at which blood vol- 
ume is gained or lost through trans- 
fusion or hemorrhage. 

A MODEL OP PULSE PRESSURE 
To show a slightly more elaborate 
model programmed in LabView and to 
demonstrate other capabilities of Lab- 
View not illustrated in the previous ex- 
ample, we present a model of the arte- 
rial pressure pulse that was originally 
published by Coleman and Sias> and 
later used by Randall for didactic pur- 
poses.^ The model was designed to 
demonstrate the physics of the arterial 
pressure pulse and to show how the 
amplitude of the arterial pressure wave 
is affected by stroke voluaie, arterial 
compliance, and the ventricular ejec- 
tion rate. The model consists of a single 
ventricle and an elastic arterial com- 
partment. We modified the Coleman- 
Sias-Randail moJel so that the ventri- 
cle receives a variable venous retum 
and has an adjustable heart rate. These 
two factors determine the stroke vol- 
ume and the rate of ventricular ejection 
into the arterial compartment. The 
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Pressure Pulse Model Diagram 




FIGURE 4. Executable diagram of pulse pressure modeL The main diagram coniains five 
"virtual instruments" also programmed by the authors: timer (hourglass icon), ventricular 
ejection (V.E.), integrator (integral sign), crroMrapping routine (zero check), and wave 
analyzer (connected to pressure pulse display). For details, sec text. 



instantaneous volume in the arterial 
compartment is set by the difference 
between ventricular ejection and the 
peripheral runoff. The instantaneous 
volume and the arterial compliance 
determine the instantaneous pressure. 
Figure 3 shows the front pane? of the 
pulse pressure model. The slide switch- 
es select values for the venous return 
(VJR.). heart rate (HJ^.). compliance 
(C). and total peripheral resictance 
(T.PJI.). In addition, two numeric con- 
trols specify values for the fraction of 
the cardiac cycle devoted to systole 
(systolic fraction) and the integration 
interval (dt). The two strip-charts dis- 
play the ventricular ejection rate and 
arterial pressure. The four digital dis- 
plays show the current values of the 
stroke volume, systolic and diastolic 
pressures, and the amplitude of the 
pressure pulse. The initial values and 
constants shown in Figure 3 were taken 
from Randall.^ 

Figure 4 shows the block diagram for 
the pressure pulse model. Like the pre- 
vious model of the cardiovascular sys- 
tem, all the calculations for the luodel 
are performed within a While-Wend 
loop to provide continuous operation 
and to store current values in shift- 



registers for use in the subsequent itera- 
tion. However, unlike the previous 
model, the pressure pulse model con- 
tains a number of virtual instruments 
that perform the more complicated pro- 
gram operations, such as timing the 
cardiac cycle and calculating the rate of 



ventricular ejection, oiscussed in detail 
below. 

As Hi the previous model, the pro- 
gram execution proceeds from left to 
right and starts with the initialization of 
the shift-registers. The complex icon 
wired to the top shift-register on the 
left border is an "array builder." The 
two numeric constants specifying the 
initial systolic (S) and diastolic (D) 
pressures are wired to the left side of 
the array builder which generates a 
two-element array that is passed to the 
shift-register. Note that in Lab View, 
the appearance of a wire depends on 
the type of data it carries (ie, numeric, 
array, string, or boolean data) and that 
the array wire is thicker than the wire 
usc(?t for numeric data. The other three 
shift-registers are initialized by numer- 
ic constants specifying the starting val- 
ue for the timer (n) and the def'^ult val- 
ues for arterial volume (V) and pres- 
sure (P). 

Inside the While-Wend loop, using 
values specified on the front panel for 
venous return, heart rate, and systolic 
fraction of the cardiac cycle, the pro- 
gram begins by calculating the stroke 
volume, the period of the complete car- 
diac cycle, and the duration of systole. 
The cardiac period and the duration 
ofsystole as well as the current values 
of n and dt are wired to the timer sym- 
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FIGURE 3. Front panel of pulse pressure model. Slide switches select values for venous 
return (V.R.), heart rate (H.R.), arterial compliance (C), and total peripheral resistance 
Cr.P.R.). Constants arc the systolic fraction of trie cardiac cycle and the integration interval 
(dt). Computed variables arc shown on simulated siripcharts or digital displays. 
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Pressure Pulse Model Timer Diagram 



duration 




— h23i 



new n 



old n |[i234H . 



systol Ic 
dura i I on 




H23i I 



new n 



>r>— 


11234 1 






— 


m > 

7 = 
■ < 



systole 



FIGURE 5. Diagram of the virtual instrument "timer/* Shown arc contents of Umcr thai 
appears as the hourglass icon in Figure 4. From the period of total cardiac cycle and the 
mtegration mtcrval (dt), this instnmicnt calculates the number of itcraUons per cardiac cycle, 
computes the tune elapsed since the beginning of the current cardiac cycle, and provides a 
boolean (mie-false) signal of whether or not the heart is in systole Both the true and false 
forms of the case structure are shown. 



bolizcd by the hourglass icon. The 
timer is the virtual instrument respon- 
sible for the timing of each cardiac 
cycle and for signaling the beginning 
and end of systole. 

Ihe diagram for the timer is shown in 
Figures* The timer operates by setting 
n equal to zero at the beginning of each 
cardiac cycle and incrementing n by 
one during each iteration until the car- 
diac cycle is completed. The number 
of iterations required for a cycle is the 
cardiac period divided by dt. During 
each iteration, by using the "greater 
than, equal to, or less than" function, n 
is compared to the calculated number 
ofitcrations per cycle. Tho output of 
this comparator is boolean (true or 
false) as indicated by the doited line 
connecting the *1ess than" terminal to 
the case structure selector. So long as 
n is less than the calculated number of 
iterations per cycle, the program exe- 
cutes the operations specified in the 
TRUE form of the case structure, and n 
is incremented by one. At the end of a 
cycle, when n is no longer less than the 
calculated number of iterations per cy- 
cle, the FALSE form of the case sUiic- 
tuic is executed, and n is reset to zero. 
The L*me since the beginning of each 
cycle is simply the product of n mulli- 
plied by dt. A second comparator icon 
is used to compare the elapsed cycle 
lime with the calculated systolic dura- 
lion and to provide a boolean signal for 
the beginning and end of systole. 
The instantaneous rate of ventricular 
ejection is calculated by the virtual in- 
strument labelled V.E in Figure 4. The 
block diagram for the VJE. virtual in- 
strument is shown in Figure 6, From 
an equation given by Randall,^ ventric- 
ular ejection (VE) is calculated as the 
positive half of a sine wave: 

VE=(SV/SD) • SIN (7t • timc/SD)/0,636 

Here, SV is the stroke volume, SD is 
the systolic duration, and lime is the 
lime elapsed since the beginning of 
systole. The constant, 0.636, simply 
converts the average systolic ejection 
rate (S V/SD) to its maximum systolic 
value. In the diagram (Figure 6), this 
calculation is performed within a 
TRUE-FALSE case structure. During 
systole, while the boolean signal from 



the timer is true, the calculations spec- 
ified in the TRUE form of the case 
slructiu-e yield the instantaneous ven- 
tricular ejection. During diastole, 
while the boolean signal from the timer 
is false, the FALSE form of the case 
structure simply generates a zero for 
ventricular ejection The iiisiantaneous 
volume in the arteria* compartment is 
determined by the difi ^rence between 
ventricular ejection an{S peripheral run- 
off. On the first iteration, peripheral 
runoff is calculated by dividing the ini- 
tial diastolic pressure (65 mmHg) by 
the total peripheral resistance set on the 
front panel slide switch. At the center 
of the main diagram (Figure 4), periph- 
eral runoff is subtracted from ventricu- 
lar ejection. The difference between 
arterial inflow and outflow is multi- 
plied by dt within the virtual instrument 



symbolized by the homemade integral 
sign. The result of this integration is 
the volume increment or decrement 
that is added to the aricrial volume 
from the previous iteration. 

Although it is impossible for an arte- 
rial system to have a negative volume, 
a computer model is under no such re- 
striction. Indeed, depending on the 
values selected on the front panel, it Is 
quite possible for the present model to 
develop negative volumes in the arteri- 
al compartment or to generate invalid 
numbers that require the user to restart 
the program (eg, by dividing by zero). 
Therefore, the next step in the program 
is an error checking routine performed 
by the virtual instrument symbolized 
by the zero check icon. 

Figure 7 shows the diagram for the 
zero checker. To trap negative or in- 
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Pressure Pulse Model Y.t. Diagram 




FIGURE 6. Diagram of the virtuaJ instrument for ventricular ejection. Shown are details of 
the ventricular ejection calculation symbolized in Figure 4 by the V.E. icon. This instrument 
generates the positive half of a sine wave during systole (true case) and sets ventricular 
ejection to zero during diastole (flase case). 



valid numbers, the numbers are tested 
against zero. All numbers greater than 
zero are passed through the TRUE 
form of the case structure, whereas 
numbers less than or equal to zero are 
reset to one. 

After passing through the zero check- 
er, the arterial volume is simply divid- 

Pressure Pulse Model 



ed by the arterial compliance to deter- 
mine the instantaneous arterial pressure 
which is then registered on the strip- 
chart and temporarily stored in the 
shift-register (lower right border of 
Figurr 4). To determine the systolic 
and diastolic pressures and the ampli- 
tude of the pressure pulse, the instanta- 

Zero Checker Diagram 



neous arterial pressures for each cardi- 
ac cycle are accumulated in an array by 
the virtual instrument symbolized by 
the wave analyzer icon. 
The diagram for the wave analyzer is 
shown in Figure 8. Recall that the 
timer sets n equal to zero at the begin- 
ning of each cardiac cycle. The wave 
analyzer consists of a TRUE-FALSE 
case structure driven by the current 
value of n. At the beginning of each 
cardiac cycle (when n equals zero), the 
array of instantaneous pressures accu- 
mulated by the array builder during the 
previous cycle is processed by the 
"max-min" function (a menu-avail^ible 
function in T^abView) thus retrieving 
the systolic and diastolic pressures. 
The amplitude of the pressure pulse is 
simply the systolic minus the diastolic 
pressure. The current instantaneous 
arterial pressure is wired to an empty 
array builder to become the first ele- 
ment of the new cycle's array which is 
then passed out of the TRUE form of 
the case structure to the shift-register 
on the right border of the While-Wena 
loop. When n is greater than zero 
during each subsequent iteration of the 
cycle, the FALSE form of the case 
structure uses a single array builder to 
add each new instantaneous pressure to 
the accumulating array until n is again 
set to zero by the timer. 

EVALUATION 

For the life scientist, even one reason- 
ably adept at computer programming, 
constructing a mathematical model has 
usually been tedious and time consum- 
ing because he had to develop specific 
routines for data input and output, for 
approximating nonlinear functions, and 
for integrating time-dependent varia- 
bles. Simulations, particularlv those on 
mainframe computers, were generally 
written in compiled languages that did 
not have graphics and that often pre- 
vented interactive use of the model. 
Even with the advent of microcomput- 
ers, the investigator had to expend 
more time and effort on supporting 
software for graphics and interactive 
utilities than on the model itself. There- 
fore, when we became aware of Lab- 
View, our hope was that a graphic pro- 
gramming language would make mod- 
eling more intuitive and much easier 



numer i c 
input 




numer i c 
output 



numeric 
input 




— QHU 



numer i c 
output 



FIGURE 7. Diagram of the zero checker. This is an error-trapping routine that eliminates 
invalid nimibcrs such as negative arterial volumes and division by zero errors. 
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Pressure Pulse Model Wave Analyzer Diagram 
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for the life scientist than it had been in 
the past 

In evaluating LabView, we used sev- 
eral criteria. First, we felt that the user 
should only have to build his model, 
not develop graphics or interactive rca- 
tines. Seconi the user should be able 
to run the simulation continuously and 
obtain results in a readily comprehen- 
sible form such as strip-charts or X-Y 
plots. Third, the simulation should be 
executed in an acceptable amount of 
time. Fourth, the model should be in- 
teractive to the extent that the modeler 
can easily interrupt the simulation to 
change a variable's value and resume 
the simulation. Similarly, altering the 
model itself and beginning a new simu- 
lation should be simple and straight 
forward. Finally, the simulation lan- 
guage should have all the arithmetic, 
transcendental, and matrix math rou- 
tines that high-level languages usually 
offer. LabView satisfies many of these 
criteria. 

Programming Environment 
The metaphor of a virtual instrument, 
with controls and indicators on a front 
panel aiid an executable block diagram, 
is a concept readily appreciated by 
most physiologists. Indeed, the ease of 
presenting both input and output data in 
graphic, easily assimilated forms is per- 
haps the best feature of LabView. In 
fact, largely because of LabView's vir- 
tual instrument approach to program- 
ming, it was surprisingly easy to ex- 
ploit LabView's ability to display data 
graphically and to implement the two 
^lOdels we described. Starting from a 
short list of values for constants and the 
inputs and outputs needed for the front 
panel, only three hours of programming 
were required to create an operational 
version of the simple cardiovascular 
model. To develop a similar model in 
BASIC with the same capabilities for 
user interaction and the same high 
quality graphics would have required 
much more time and programming 
expertise. 

Front Panel 

Although the two models we presented 
make lipited use of the many available 
front panel controls and indicators, it 
should be noted that all of the controls 



and indicators in LabView are menu- 
selected with specified ranges and 
scales that can easily be changed by the 
user (though not while a program is 
running). Range checking is done 
automatically, and out-of-range errors 
can be ignored, coe-n.ed within the 
specified range, or allowed to stop the 
program (as determined by the user). 
Positioning and changing the size of 
the controls and indicators to acheive a 
particular layout on the front panel are 
relatively simple operations that require 
some familiarity with the Macintosh 
mouse. However, there is no provision 
for customizing controls or indicators 
or for adding additional graphics to the 
front panel (eg, it is not possible to add 
a schematic illustration of a model to 
the front panel). 

BJock Diagram 

The block diagram is analogous to the 
program code in other high-level lan- 
guages. In a small program such as the 
simple cardiovascular model (Figure 
2), the diagram is truly self-explanatory 
except for one or two LabView idio- 
syncrasies like the shift-registers (the 
only way to use variable values recur- 



sively). However, even slightly more 
complicated programs like the pulse 
pressure model (Figure 4) can be diffi- 
cult to decipher and debug. Their inde- 
cipherability stems partly from the in- 
clusion of virtual instruments within 
the main block diagram. The block 
diagrams of such instruments within 
instruments cannot be viewed at the 
same time that the overall diagram is 
examined. Futhermore, case structures 
and other program conU-ol devices are 
symbolized by several layers of figures, 
only one of which can be viewed on the 
screen at a time. 

Constructing a comprehensible Lab- 
View block diagram requires a sense of 
spatial organization and some artistry. 
In LabView block diagrams, data flow 
occurs most naturally from left to right 
because the input temiinals of function 
icons are on their left, and their outputs 
are on the right. The orientation of the 
icons cannot be changed. A further 
constraint is the small size of the Mac 
Plus screen. Therefore, some fore- 
thought is necessary to anticipate the 
overall layout of the diagram and the 
amount of space that the various func- 
tion icons will occupy on the screen. 
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Failing to plan ahead inevitably leads 
to sphagetti-like tangles of wire that 
cannot easily be debugged. Even 
worse, editing such poorly planned dia- 
grams requires completely "un-wiring'* 
the entire diagram just to make a few 
simple changes. 

In LabView block diagrams, four 
different types of data are depicted by 
wires with different appearances. For- 
tunately, LabView does not make the 
programmer specify the type he needs 
but instead makes the appropriate se- 
lection automatically depending, for 
example, on whetho' the selected func- 
tion requires a simple variable or an 
array. Logical errvors and connections 
between inapi»:opriate devices are im- 
mediately indicated by *T)roken wires," 
an error message that often fails to pin- 
point the problem. 

Execution Speed 

We have not quantified the execution 
speed of LabView, but our impression 
is that it runs at about the same speed 
as an interpreted BASIC. Thus, execu- 
tion .^'peed is a potential problem. On 
the MsiC Plus, the pulse pressure model 
executed at an acceptable rate, but each 
iteration produced a perceptible ji* '^^ as 
the strip-chart simulator scrolled across 
the monitor. By contrast, on the faster 
Macintosh H, the arterial waveform 
glided smooAIy across the screen "like 
the pulse of a perfect heart** There- 
fore, to maintain acceptable speed with 
larger models thaii those presented 
here, it may be necessary to run the 
simulations on a Macintosh II. Alter- 
natively, the program could be com- 
piled. The man facturer claims to have 
a complier for LabView, although it is 
not yet available commercially. 

Coaclusions 

Before using it, we had the impression 
that LabView would make mathemati- 
cal modeling possible for all life scien- 
tists who are not computer program- 
mers. In most respects, LabView lived 
up to this expectation, but to some ex- 
tent it did noL Certainly, the many use- 
ful features of LabView, such as the 
math routines and the graphic displays, 
can easily be used by the unsophisti- 
cated programmer. Similarly, simple 
diagrams are indeed self-explanatory 



programs. In our opinion, an inexperi- 
enced programmer could construct a 
much more sophisticated model in 
LabView than in other high-level lan- 
guages. However, more elaborate Lab- 
View programs can be as difficult to 
decipher and debug as those in other 
languages. Similarly, like other com- 
puter languages, LabView can demand 
arcane programming tricks, and the 
methods that have to be used to store 
variable values and to branch on a par- 
ticular condition are often not straight- 
forward. Nevertheless, even the ac- 
complished programmer will find much 
to admire and use in LabView: arith- 
metic and logical functions, array arith- 
metic, matrix and vector algebra, com- 
plex numbers, statistical fimctions, and 
signal processing routines including 
fast Fourier transforms. All of these 
routines appear as simple icons that 
naive and sophisticated programmers 
alike can easily incoiporate into their 
models. Therefore, considering these 
and the previously mentioned advan- 
tages of LabView, we recommend that 
LabView be seriously considered as a 
novel modeling methodology with the 
potential of enabling the average life 
scientist to simulate complex biological 
systems. 

To obuin a copy of the LabView programs pre- 
sented here, send the authors an 800k, 3.5 inch 
disk and an appropriate, stamped, self-addressed 
mailing container. 

This woik was supported by USPHS giants HL- 
36080 and AM-33024. 
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USE OF A COMPUTER 
SIMULATION TO REINFORCE 
WET LABS IN NUCLEAR 
MEDICINE 



Harold L Modeil and Michael M. Graham 

Department of Radiology, University of Washington, Seattle, Washington 



Many procedures commonly encoun- 
tered in Nuclear Medicine are indicator 
dilution determinations. A known 
quantity of a radionuclide, for example, 
is introduced into an unknown volume. 
By comparing the activity within an 
aliquot of the unknown to that of a 
standard, the unknown volume can be 
calculated. The samples are generally 
counted in a well counter. If these de- 
terminations are to be carried out accu- 
rately and interpreted property, it is 
essential that Nuclear Medicine tech- 
nologists and physicians understand the 



conser\'ation of mass principles under- 
lying indicator dilution techniques as 
well as the errors that can arise as a 
result of well counter characteristics. 
The American Board of Nuclear Medi- 
cine recommends that all resident 
training programs include principles 
and limitations of both indicator dilu- 
tion techniques and well counters. 

In our resident program, these issues 
have been addressed through a series of 
laboratory exercises conducted once 
each year. To ensure that the lab ses- 
sions do not interfere with Nuclear 



(y742.3233/88/$0.00 + Z00 



ERIC 



© 1988 BY NATIONAL RESOURCE FOR COMPUTERS IN LIFE SCIENCE EDUCATION 



58 



COMPUTERS IN UFE SCffiNCE EDUCATION, VOLUME 5. NUMBER 8. AUGUST 1988 



THE FOLLOWING ISOTOPE STANDARDS ARE 
CURRENTLY AVAILABLE FOR YOUR USE: 

1>- COBALT-57 

2) - COBALT-60 

3) - CROMIUM-51 

4) - GALLIUM-67 

5) - INDIUM-IU 

6) - IODINE-125 
7>- IODINE-131 
8)- TECHNETIUM-99M 
5>)" YTTERBRIUM-169 

CHOICE? 

FIGURE 1. Initial screen of well counter simulation listing the isotopes that can be counted. 



Medicine clinic activities, a finite time 
commitment must be made to deal with 
various logistical problems related to 
equipment, space, and scheduling. Al- 
though some residents wish to explore 
these topics further during the remain- 
der of the year, they have been unable 
to do so because of time and space- con- 
straints. To overcome this limitation, 
we have developed a simulation of a 
well counter designed for use currently 
with Apple II computers, that allows 
the user to explore indicator dilution 
principles and the effects of counter 
characteristics on counting efficiency. 

WELL COUNTER DESIGN 
The "standard** well counter currently 
used in Nuclear Medicine environ- 
ments consists of a sodium idodide 
(Nal) crystal with a hole in it, a photo- 
multiplier tube, a high voltage source, 
an amplifier, and a multi-channel anal- 
yzer. The gamma rays from a sample 
in the hole interact wi-h the crystal, 
causing flashs of light. The brightness 
of each flash of light is proportional to 
the energy of the gamma ray. The light 
is sensed by the photomultiplier tube 
resulting in a small elwuical pulse that 
is propotional to the brightness of the 
flash of light The small pulse is am- 
plified and sent to tlie multi-channel 
analyzer, which, along with its elcc- 
ti'onics, displays the data. 
Counts obtained with the Nal crystal 
well countc ^ are subject to a variety of 
factors. Some of these are related to 



the Nal crystal and to the electronics 
processing the delected events, some 
depend on the sample size and the 
geometry of the counting system, and 
others are dependent upon the random 
nature of radioactive disintegrations. 
The counting efficiency reflects the 
interaction of these factors. To gain 
meaningful information when using 
such an instrument, it is necessary to 
undeictand the factors conuibuting to 
the counting efficiency. 

The wet labs in our curriculum are de- 
signed to help the residents examine a 
number of these factors including posi- 
tion of the sample within the detector 
chamber, sample volume, influence of 
the container in which the sample is 
placed, and setting the counting 
window. 



WELL COUNTER SIMULATION 
The well counter simulation provides a 
means by which students can extend 
their wet lab experience to further 
explore indicator dilution principles 
and the effects of counter characteris- 
tics on counting efficiency. Dead time 
losses and Poisson statistics are incor- 
porated into the counting scheme. 
Counting characteristics of the simu- 
lated counter were drawn from data 
described fay Hine^ and Sorenson and 
Phelps.^ 

Setting up the counter 
When using the simulation, the student 
is presented first with a list of stan- 
dards, shown in Figure 1, that are 
available for setting the counting win- 
dow. The digitized energy spectrum 




SCALE MAXIMIW (KEV)? 800 SCALE HWIMUM <KEV)? 500 

nGURE2. Energy spectra for Iodinc-131. In the /e^p^n^/, the student has chosen 800 Kev as the scale limit In ihe right panel, the 
spcctnim is shown with 500 Kev as the scale limit The process can be repeated as many limes as desired. 
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for each of the standards is stored in a 
separate file and accessed by the 
program as needed. After choosing the 
desired standard, the student is pre- 
sented with an energy scale on which 
the energy fpectrum of the chosen 
standard will be displayed Tlie student 
can adjust the energy scale (Figure 2) 
to best display the spectrum for setting 
the desired coi^nting window. 
The counting window is then set by 
using the arrow keys to move a hairline 
to the desired positions on the spectrum 
(Figures). If U*i5 chosen window is 
unsatisfactory, it can be reset 

Sample preparation 
Having defined the counter set-up, the 
student must prepare a sample to count 
(Figure 4). In doing so, the amount of 
isotope to be used as the indicator and 
the volume in which it is to be diluUd 
'are defined At this pointy a message is 
presented reminding the student that 
the basic underlying assumption in all 
indicator dilution determinations is that 
the volume in which the indicator 
resides is well mixed. 
The next step is to define the sample 
volume that is to be put into the counter 
and define the counting time. 

Counter data 

When sample preparation is complete, 
and counting parameters have been de- 
fined, the program reviews the sample 
defiiTiition and counter parameters and 




« 1_ 

SET WINDOW UPPER LIMIT 
USE <- -> KEYS TO ADJUST HAIRLINE 
PRESS 'A' TO ACCEPT POSITION 

FIGURE 3. Spectrum of Iodine-131 with hairlines indicating the energy limits chosen for 
the counting window. The lower limit has been defined. 



presents the results of the counting 
process (Figure 5). This screen also 
contains information about the count- 
ing efficiency. It presents the apparent 
courting efficiency (total counts detec- 
ted relative to the total theoretical 
counts that should have been detected) 
as well as the actual overall efficiency 
(apparent counting efficiency corrected 
for background). 

Options 

After the counting data have been pre- 
sented, the student is presented with an 
options menu (Figure 6) that allows 
redefinition of the tracer, counter pa- 
rameters, and sample parameters. At 



SAMPLE PREPARATION 

AMOUNT OF I 131 TO USE AS INDICATOR (MCI)?5 

VOLUME FOR DILUTION <L)?1 

ASSUMPTION 
VOLUME WITH INDICATOR IS WELL MIXED! 

SAMPLE VOLUME FOR COUNTER (ML>?1 

COUNTING TIME <SEC)?30 

FIGURE 4, Interactive screen on which the smdent has defined how the sample is to be 
prepared. 



this point, the choice to count the same 
sample again is also provided. In this 
way, the random variation in counts 
seen with actual well counters can be 
examined. For example. Table 1 lists 
the counts recorded when the same 
sample of Iuline-131 was counted five 
times. 

Error messages 

Error messages presented to the student 
arft designed to promote an additional 
learning experience by providing addi- 
tional information relevant to the error. 
In some cases, the error relates to a 
specific choice made by the student 
For example, if the student choses to 
count the sample for less than 10 sec- 
onds, a message is presented indicating 
that a longer count time will provide 
better statistical data. In other cases, 
the error results from the counter char- 
acteristics or from a combination of 
choices. For example, if the count rate 
from the sample is too high for the 
counter, a message appears indicating 
that the coiuiter is paralyzed. 

MODEL SOLUTION 
Data used for incorporating the effects 
of the various counting factors such as 
the effects of counter deadtime and 
sample size were obtained from chap- 
ters on well counters presented by 
Hine' and Sorenson and Phelpsl Sev- 



^ 0742.3233/88^0.00^ zoo © i988 BY NATIONAL RESOURCE FOR COMPUTERS IN UFE SQENCE EDUCATION 



ERIC 



60 



60 



COMPUTERS IN LIFE SCIENCE EDUCATION. VOLUME 5. NUMBER 8. AUGUST 1988 



ISOTOPE: 1131 

COUNTER SETTINGS: 

WINDOW = 342 TO 384 KBJ 
COUNTING TIME =30 SEC 

SAMPLE PREPARATION: 
5 MCI IN 1 L 

SAMPLE = 1 ML 



Table 1. Counts obtained from repealed 
counting trials of sample described in 
Figure 4. 



Trial Counts detected 

1 403,070 

2 402.228 

3 402467 

4 402.905 
5" 403.205 



TOTAL COUNTS DETECTED = 402858 
APPARENT COUNTING EFFICIENCY =19 7. 
ACTUAL OVERALL EFFICIENCY = 7 % 

(PRESS ANY KEY TO COJTINUE) 
FIGURE 5. Output showing the results of the well counter count. 



eral factors enter in to calculating the 
counts delected for a given sample. 
Initially, the actual activity (mCi) per 
ml of sample is calculated. Using this 
value, the theoretical counts/sec for 
each ml of sample are calculated ac- 
cording to the following equation. 

OPTIONS: 

l> CWiNGE ISOTOPES 

2) RESET WINDOW 

3) CHANGE AMOUNT OF INDICATOR 

4) CHANGE VOLUME FOR DILUTION 

5) C^*^^GE SAMPLE VOLUME 
6> DILUTE SAMPLE VOLUME 

7) CrtV^GE COUNTING TIME 

8) COLNT avIPLE 

9) QUIT 
CHOICE? 

FIGURE 6. Options menu from well 
counter program. 



Counts/sec = mCi x (3.7 x 10^ 

disintegrations/sec) x 
Counting efficiency 
of the isotope 

To obtain the counting efficiency of 
each isotope, the gamma ray efficiency/ 
disintegration is multiplied by the 
quantum detection efficiency for each 
gamma ray produced by the isotope. 
The resultant values are then summed 
to obtain the counting efficiency.* 

The value obtained for counts/sec is 
then adjusted for the sample volume if 
the sample volume is greater than 1 ml 
and for samples that have been diluted." 

The influence of deadtime is then in- 
corporated into the calculation accord- 
ing to Sorenson and Phelps.^ 

Background activity, calculated as .35 
counts/sec per Kev in the counting win- 
dow, is the next factor added to the 
counts detected. 

The total counts reported are calcu- 
lated from the following equation. 

Total counts = ((counts/sec x % spec- 
trum that represents 



the counting window) 
+ backgound) x total 
counting time. 

This value is then adjusted by adding a 
random gaussian variation to i^ 

The total theoretical counts that 
should have been detected (used to pre- 
sent the actual overall efficiency to the 
student) is calculated from the actual 
activity per ml of sample, the definition 
of a mCi of activity, the counting time, 
the fraction of the energy spectrum 
within the counting window, and the 
sample size being counted. 

EVALUATION 

A systematic evaluation of the effec- 
tiveness of this program has been dif- 
ficult to perform because the number of 
new residents exposed to the material 
each year is very small, normally less 
than five, and the program is available 
on an optional basis. Nevertheless, 
residents who have used the program 
have indicated that they have found it 
helpful in reinforcing the material 
presented in the wet labs. 
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THE BULLETIN BOARD 



Tlie Bulletin Board is published period- 
ically to inform readers of upcoming 
meetings of interest If you know of 
meetings, symposia, continuing educa- 
tion courses, etc, of interest to life 
science educators, and they do not 
appear in The Bulletin Board, please let 
us know. Send pertinent information 
to: Dn Harold Model], NRCLSE, 
RC-70, University of Washington, 
SeatUe, WA 98195, or let us know via 
BITneL NRCLSE's BITnet address is: 
MODELL@UWALOCKE 



AUGUST 24-26, 10* Annual 
Conference. Interactive Videodisc in 
Educadon and Training. Washington, 
D.C 

Contact: 

Society for Applied Learning 

Technology 
50 Culpeper Street 
Warrenton, VA 22816 
(800) 457-6812 
InVA: (703) 347-0055 



OCTOBER 6-8, 1988- Health Care 
1988: The Challenge of Change 
Morgantown, West Virginia. 

Contact: 

Janet Wang 
School of Nursing 
West Virginia University 
Morgantown, WV 26506 
(304)293-4297. 



OCTOBER 14-15, 1988. Fall, 1988 
Semi-Annual Meeting. Association of 
Biologists for Computing. San Jose, 
California. 

Contact: 



Charles W. Bell, President 
Association of Biologists for 

Computing 
Departme of Biological Sciences 
San Jose State University 
San Jose, CA 95192 



NOVEMBER 6-9, 1988- The 12* Annual 
Symposium on Computer Applications 
in Medical Care (SCAMC). Washing- 
ton, D.C. 

Contact: 

Robert A, Greenes, MD 

Program Chair 

SCAMC - Office ofCME 

The George Washington University 

Medical Center 
2300 K Street, NW 
Washington, D.C. 20037 
(202) 994-8928 



NOVEMBER 7-10, 1988. Association for 
the Development of Computer- Based 
Instructional Systems (ADCIS) 
30*^ International Conference. Phila- 
delphia, Pennsylvania. 

Contact: 

ADCIS, 409 Miller Hall 
Western Washington University 
Bellingham, WA 98225 
(206)676-2860 



NOVEMBER 10-11, 1988. First Annual 
Meeting. Medical Interactive Video 
Consortium. Washington, D.C. 

Contact: 

y. Henderson, MD, MIVC 
Uniformed Services University of the 
Health Sciences 
4301 Jones Bridge Road 
Bethesda, MD 20814-4799 



JANUARY 30 - FEBRUARY 2, 1989. 
1989 Florida Instructional Computing 
Conference. Orlando, Florida. 

Contact: 

Florida Department of Education 
Office of Educational Technology 
Knott Building 
Tallahassee, FL 32399 
(904)488-0980 



MAY i5-19, 1989. Medical Informatics 
and Education: An International 
Symposium. Victoria, B.C., Canada. 

Contact: 

Corference Services 

Division of University Extension and 

Community Relations 
University of Victoria 
P.O. Box 1700 
Victoria, B.C. V8W2Y2 
Canada 
(604) 721-8475 



OCTOBER lc.20, 1989. MEDINFO 89. 
The Sixth World Congress on Medical 
Informatics. Beijing, China. 

Contact: 

Phil R. Manning, MD 
Chairman, Srieniific Program 

Committee 
MEDINFO 89 
use School of Medicine 
1975 Zonal Avenue, KAM 31 7 
Los Angeles, C A 90033 
(213)342-9370 

Goo Pengyuan, MD or Ms Shan Huiqin 
China Medical Informatics Association 
MEDINFO 89 Secretariat 
55 Xueyuan Nanlu, Wei Gong Cun 
Haidian District, PO Box 8139 
Beijing, China 100081 
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APPLE II? IBM-PC? MACINTOSH? ... NO PROBLEM! 



SIMULATIONS IN PHYSIOLOGY 

- The Respiratory System - 

Harold L Modell, Ph.D. 

School of Medicine, University cf Washington, Seattle, 



• Series of 12 Simulations in Respiratory 
Physiology 

• 117 Page Laboratory Manual 

• Designed for use in student laboratory and 
group discussion environments 

• Pictorial outputs designed to provide 
conceptual aid, show where variable values 
are measured, or illustrate the model and 
how it is solved 

• Tabular outputs allow comparison of data 
from up to 7 ^experiments^ 

• Available for Apple II, IBM-PC (MS-DOS) 
compatible, and Macintosh (requires 
Microsoft BASIC) computers 

> Purchase includes permission to make enough 
copies to supply appropriate student 
populations 



ORDERING INFORMATION 

Comnnter Programs* 

12 Simulations written in BASIC 
Documentation 

One copy of student laboratory mani^ 



♦IBM-PC version uses CGA grajAics 
Macintosh version requires Microsoft BASIC 



.$100 



Student Laboratory Maniiak 

Quantities of 1-25 .... $10 each 
Additional copies .... $8.50 each 



NRCLSE 
Mail Stop RC-70 
University of Washington 
SeatUe. WA98195 

Be sure to indicate which version you need! 



PROGRAM OVERVIEW 



XUIfi 

Static Relationships 
Dynamic Relationships I 
Work cf Breathing 
DypMmic Relationships II 



Material coveret^ 



MECHANICS 



Elastic properties of the lung, chest wall, and 
total respiratory system 

Effects of lung compliance and airway 
rcsisf^nce on tidal volume development 

Oxygen cost of elastic, resistive, and total 
work durii'g inspiration 

ilespiratoiy dynamics of the total respiraloiy 
system 



GENERAL GAS EXCHANGE 

Alveolar Gas Exchange 



Oj and CO^ Dissociation 
Curves 

Exchans^e from Atmosphere to 
Tissues 



Chemoregulation of Respiration 



Gts exchange between the atmosphere and 
alveolar re-:«rvoir 

Interrelationships between the O^ and CO^ 
dissociation curves 

Influence of alveolar ventilation, cardiac 
ou5)ut, and anatomic shunt flow on arterial 
blood composition and gas exchange at the 
tissues 

Influence of chemoreceptor sensitivity and 
respiratory mechanics on O^ and CO^ 
response curves 



V^/Q RELATIONSffiPS 



Gas Exchange in a Single 
Alveolus 



The Non- Uniform Lung 
Overall Gas Exchange 



Effects of ventilatic^ -perfusion ratio and 
inspired gas composition on exchange in a 
single exchange unit 

Gas exchange from atmosphere to tissues 
with V^/Q mismatching in the lung 

Gas exchange from atmosphere to tissues 
with V^/Q mismatching and a true shunt 



ACID-BASE BALANCE 



Acid-Base Balance: Fundamen- 
tai Relationships 



Acid-Base balance from a Base Excess 
viewpoint 
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CAN YOU HELP? 

Among the major goals of NRCLSE are to help life science educators identify colleagues who share a common interest in th<. 
use of the computer as an educational tool (see Annual Colleague Directory. Februar? - aS. I98?isE) and to S iSe 
science educators identify appropriate software for use in their curricula ^pni. iy««t-L5h) and to help life 

In an attempt to achieve the lauer. we rouUnely publish software lists (sec Where's the Software. May - June I988 CLSE^ 
pSis S of il™a£' informaaon reg^ding the applicability of programs to specific cLcuS Ss.^f * 
provide this type of informauon. we need your help. Please take a few moments to let us know what software works for vou 
Prov.ding informauon ."the format presented below will help us to organize this inibrmaUon to shSel^^rcoiraS ^ 

Mail information to NRCLSE, Mail Stop RC-TO, University of Washington, Seattle, WA SsXse /S2'vo«r 
name, address, phone nubmer, and BITnet address (if applicable) with yoSr response. "''^ '"'^^"^^^J""'' 

SOFTWARE INFORMATION REPORT 

Name of software: 
Source of software: 



T^pe cf program: 

Tutorial (Q& A) Simulation 
Equipment n^ Jded to run progam: 

Apple n IBM.PC Macintosh 

Student population using software: 

Undergraduate Graduate MedicalA^eterinary 

Content area covered by this software: 

How do you use this software: 

Independent study Classroom instruction Student laboratory 

Would you be willing to discuss your use of this program with colleagues? 

Yes No 
What do you like best about this software? 



Combination 



Mainframe Other 



Dental Nursing 



What do you like least about this software? 
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AIMS AND SCOPE The goal o[ Computers inLife Science Education is to provide a means of communication 
among life science educators who anticipate or arc cuircntly employing the computer as an 
educational tool. The range of content includes, but is not limited to, articles focusing on 
computer applications and their underlying philosophy, reports on faculty/sttidcnt 
experiences with computers in teaching environments, and software/hardware reviews in 
both basic science and clinical education settings. 



INVITATION TO CONTRIBUTORS 



Articles consistent with the goak oi Computers in Life Science Education are invited for 
possible publication in the newsletter. 

PREPARATION AND SUBMISSION OF MATERIAL 

Articles submitted for publication should not exceed 2000 words and should be typewritten, 
double spaced, with wide margins. The original and two copies including two sets of figures 
and tables should be sent to the Editor: Dr. Harold Modell, NB:CLSE, Mail Stop RC-TG, 
University of Washington, Seattle, WA 98195. 

Title page should inv-lude foil tide, list of authors, academic or professional affiliations, and 
complete address and phone number of the corresponding author. 

Illustrations should be submitted as original drawings in India ink or sharp, unmounted 
photographs on glossy paper. The lettering should be such that it can be legible after 
reduction (width of one column = 5.7 cm). 

Reference style and form should follow the "number system with references alphabetized" 
described in the Council of Biology Editors Style Manual. References should be listed in 
alphabetical order by the first author's last name, numbered consecutively, and cited in the 
text by these numbers. 

RESPONSIBILITY AND COPYRIGHT 

Authors are responsible for accuracy of statements and opinions expressed in articles. All 
authors submitting manuscripts will be sent a copyright transfer fonn to complete. The 
completed fonn must be remmcd before the work will be published. 



SUBSCRIPTION INFORMATION 



Computers in Life Science Education is published monthly by National Resource for 
Computers in Life Science Education, Mail Stop RC-70. University of Washington. Seattle, 
WA 98195. Subscription rate is S30.00 for 12 issues, including postage and handling in the 
United States and Canada. Add S20.00 for postage (airmail) in Mexico and Europe and 
S23.00 for the rest of the world. 

TTiis newsletter has been registered with the Copyright Clearance Center, Inc. Consent is 
given for copying of articles for personal or internal use. or for the personal or intcmal use of 
specific clients. This consent is given on the condition that the copier pay through the Center 
the pcr-copy fee stated in the code on the first page for copying beyond that permitted by the 
US Copyright Law. If no code appears on an article, the author has not given broad consent 
to copy and permission to copy must be obtained directly from the author. This consent does 
not extend to other kinds of copying, such as for general distribution, resale, advertising and 
promotional purposes, or for creating new collective works. 

Address orders, changes of address, and claims for misring issues to NRCLSE, Mail Stop 
RC.70, University of Washington. Seattle. WA 98195. Claims for missing issues cm be 
honored only up to three months for domestic addresses and six months for foreign 
addresses. Duplicate copies will not be sent to replace ones undelivered due to failure to 
notify NRCLSE of change of address. 



Address editorial correspondence to Harold L Modell, PhD, NRCLSE, Mail Stop RC-70, 
University of Washington, Seattle, WA 98195. (BITNET MODELL@UWALOCKE) 

POSTMASTER: Send address changes to Computers in Life Science Education, NRCLSE, 
Mail Stop RC-70, University of Washington, Seattle. WA 98195. 
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USING STELLA SIMULATION 
SOFTWARE IN LIFE SCIENCE 
EDUCATION 

Thomas G. Coon 

School of Forestry, Fisheries and Wildlife, University of Missouri, Columbia, Missouri 



Mathematical modeling has a rich 
potential for use in teaching the life 
sciences. While traditional approaches 
may emphasize memorization of struc- 
tures and functions, simulation allows a 
student to develop his or her urider- 
standing and analysis of living systems 
by testing hypotheses about how the 
systems work. In the past, simulation 
has been unapproachable in otheriiian 
advanced undergraduate or graduate 
level courses, mainly for logistical rea- 
sons. The use of modeling in teaching 
is dependent on students 1) having ac- 
cess to computer facilities adequate to 



handle many iterative calculations and 
large data sets and 2) being facile pro- 
grammers. Before the development of 
personal computers with large memory 
and high speed, students were limited 
to the use of mainframe computers and 
standard multi-purpose programming 
languages such as FORTRAN. While 
the newer personal computers have suf- 
ficient speed and memory to serve even 
the sloppiest of modelers, they did not 
eliminate the need for students to be 
programmers before becoming mod- 
elers. It was nearly inevitable that a 
simulation class would devolve into a 



EDITOR^S NOTE 
Due to space limitations, Keeping Abreast of the Literature, 
CLSE's regular quarterly feature due to appear in this issue will 
appear in next month's issue. 
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programming cto; the students would 
develop their programming skills, but 
rarely to the level at which they could 
use those skills to build, test and use 
their own models. 

Several solutions have developed to 
alleviate the need for students m bio- 
logical modeling to be expert program- 
mers. One solution is custom-made 
software packages that are programmed 
to run simulations on particular sub- 
jects, such as those described by Eck- 
blad.* Another, more general solution 
is a programming language designed 
for modeling that students can learn 
and use on personal computers. One 
package designed to meet this need is 
STELLA, developed by Barry Rich- 
mond and others at High Performance 
Systems, Inc,^ STELLA was designed 
by Richmond et al* to make modeling 
available as a learning tool for students 
of all disciplines. The name STELLA 
is an acronym for Structural Thinking, 
Experiential Learning Laboratory with 
Animation, a cumbersome explicaticx 
that is less prominently expressed \u 
later versions of the user's guide. The 
creators of this software state that their 
motivation for developing STELLA 
was to make the discovery approach to 
any discipline of study more accessible 
and more fruitful.. Although this arti- 
cle does not address all disciplines, 
STELLA is a resounding success for 
teaching the dynamic aspects of the life 
sciences. It ?5 important to keep in 
mind that the reason for using modeling 
as a teaching tool is not to make it eas- 
ier for students to make predictions 
about the outcome of life processes, but 
to make it possible for students to de- 
velop their understanding of life proc- 
esses. Students can effectively accom- 
plish this goal if they are challenged to 
1) Slate their understanding of the dy- 
namics of a living system in a struc- 
tured format (ie, a model), and 2) test 
their understanding by asking questions 
of their model using a structured, ex- 
perimental procedure. STELLA allows 
students to cany out both of these 
steps. 

STELLA is designed to operate on 
Macintosh computers (512K memory 
or greater), and it takes full advantage 
of the distinctive Macintosh user inter- 



face. It allows a user to begin with a 
conceptual model of a system and 
move through the standard steps of 
model building and testing until the 
model is ready to use as an experimen- 
tal instrument of study. It reinforces 
the standard modeling process of build- 
ing a conceptual model, making the 
model quantitative, validating the mod- 
el, and then using the model as a study 
tool.^ Furthermore, it keeps the user 
honest in that the model will not work 
unless every parameter is defined and 
connected to the rest of the model. It is 
friendly enough to inform the errant 
user of the parameters that remain to be 
defined. 

As is true for any good software, 
STELLA has been modified and up- 
dated several times since it became 
commercially available in late 1985. 
The initial version used some home- 
grown substitutes for standard Macin- 
tosh menu selections (eg, icons repre- 
senting sticks of dynamite substituted 
for the Cut editing command) and of- 
fered no nvenient means of transfer- 
ring mooel output to another file elec- 
tronically. Similarly, data could be 
entered into the model only by typing 
in changes to the initial conditions. 
These and other shortcomings have 
been eliminated in Version 2.0, re- 
leased in early 1988. The STELLA 
developers have divided the initial 
version into two packages designed for 
different user groups, STELLA for 
Business and STELLA for Education. 
While the basic architecture is the same 
for both packages, they differ in the 
selection of built-in functions and other 
subtleties. For this review, I have 
confined my attention to the latter. 

HOW IT WORKS 
As in any modeling exercise, the 
STELLA modeler begins by construc- 
ting a conceptual model that identifies 
the essential components of the model 
and the important relationships be- 
tween them. I emphasize essential and 
important because a modeler must be 
able to sift through the multitude of 
components and factors inherent to a 
complex system and focus on those lliat 
are crucial to understanding the particu- 
lar dynamics of the system that interest 



the modeler. The advantage of mod- 
eling is that il allows the user to simpli- 
fy the system sufficiently to understand 
and study it, but it challenges the mod- 
eler not to simplify f? the extent that 
the model no longer behaves in the 
same way as the system. For example, 
in studying the redfish fishery in the 
Gulf of Mexico, it may be interesting 
and true that the culinary and marketing 
skills of a New Orleans chef had a ma- 
jor impact on the fishery. Yet, for a 
basic understanding of how redfish 
populations sustain themselves in an 
environment that includes fishing nets, 
it is more important to 'nclude proces- 
ses such as redfish reproductive rates, 
mortality rates, and fishing rates than 
Yuppie economics. By simplifying the 
model, the user can develop an under- 
standing of the system sufficient to 
later ask the question, "What happens if 
the demand for redfish quadruples in 
one year, perhaps due to the success of 
some Cajun marketing?" 

STELLA uses a hydraulic analogy for 
representing the conceptual model on 
the monitor screen. The basic elements 
of the model are stocks, flows, convert- 
ers and input links. The icons for these 
are illustrated in Figure 1. Stocks are 
defined as components that can accum- 
ulate or lose their basic elements. In a 



□ 

STOCK 

stockZ 

FLOW_REGUU\TOR 



o 



CONVERTER 




convenen INPUT LINK 

FIGURE 1. Icons used to build conceptual 
model diagrams in STELLA. 
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FIGURE 2. Conceptual model of a simple population model showing the model stock, 
flows, and converters using STELLA. 



hydraulic analogy, any vessel that can 
contain water (eg, cup, water tower or 
ocean) is a stock. In the rediish anal- 
ogy, a population of redfish could be a 
stock, or the fleet of fishing boats may 
be a Slock. The stock analogy is a nat- 
ural for fishery population models, 
however a little imagination can extend 
it to any biological system. For the 
physiologist, the accumulation of ace- 
tylcholine in a pnc-synaptic neuron or 
of free oxygen in erythrocytes may be 
stocks of interest. In constructing a 
model with STELLA, the modeler be- 
gins by placing all of the pertinent 
.stocks on the screen and naming them. 

For a stock to cccumulate or lose the 
articles it holds, it must have a means 
of passage for the articles into and out 
of the stock. STELLA use' "flows", 
hydraulic pipes with control valves 
("regulators"), to represent this func- 
tion. The stock representing a redfish 
population might have flows coming 
into it that represent births and immi- 
gration and flows going out of it that 
represent natural mortality and fishing 
mortality (Figure 2V Whiie the flow 
icons represent the . .:cept of fish 
moving into and ou^ "^f the population, 
they do not show ei^.^er where the fish 
come from or go to, or what factors 
ueCwnine how many fish enter or leave 
the population. The sources a. J sinks 
of fish may be extraneous to the goal of 
the modeler, in which case, STELLA 
allows the modeler to be vague 
("clouds^' are at the appropriate end of 
such flows). If the modeler does want 
to designate the source of 'nOows or 
outflows, she can do so by planting the 
appropriate source stock at the appro- 
piiate end of the flow pipe. Of course 
this new slock may need some inflow/ 
outflow designations, as well. 

All varying flows, such as births or 
fishing deaths, are regulated by some 
additional factors. They may be c'y- 
namic factors of critical importance to 
the model (eg, water temperatures 
during the time of larval development) 
or other factors of unknown importance 
to the model. STELLA incorporates 
the influence of these factors, using 
icons for "conveners", the factors, and 
"input links" that specify ihe direction 
of f:C(:on, In the redfish model, the 



temperature converter acts on the regu- 
lator of the birth flow (Figure 3). Other 
factors that influence birth rates may be 
added to the model (eg, plankton abun- 
dance, larval abundance) as converters, 
or taken from other parts of the model 
already represented (eg, the population 
stock). Furthermore, converters can be 
used to influence other converters 
rather than flow regulators. All other 
stocks, flows, converters, and input 
links can and shot' u be added to the 
diagram on the monitor screen before 
the modeler goes on to define the quan- 
titative relationships between the con- 
veners and their objects of action. 
STELLA allows the modeler to define 
the quantitative aspects of the model in 
either of two ways, by typing in an 
equation or by drawing a graphical rep- 
resentation of the function. For exam- 
ple, the modeler may not have a reli- 
able data set on the relationship be- 
tween the number of adult redfish and 
liie number of larval redfish they pro- 
duce each year, but she may have a 
general model for such a relationship 
based on studies of other species. 
Rather than worry about the details of 
unknown regression coefficients, the 
modeler can simply draw a graphical 



representation of such a relation:>hip 
using the command "Become Graph" 
(Figure 4). On the other hand, the 
modeler may have derived a regression 
equaiiuf. for the relationship between 
temperature and plankton abundance 
and the survival of redfish larvae to the 
end of their first year, based on years of 
data collection. The modeler can sim- 
ply type in the equation that expresses 
tJ*5s relationship to complete tlie inflow 
siJe of the model. A similar approach 
can be used to complete the outflow 
side of the model. In defining equa- 
vions, a number of mathematical, logi • 
caJ, and trigonometric functions are 
available as "Built-ins" to Jie software. 

Once the quantitative aspects of the 
model have been completely defined, 
the modeler can view the structure of 
the model in one of two ways. The 
Diagram window remains as the con- 
ceptual representation of the model, 
and the quantitative expression for each 
relationship can be viewed by opening 
the converter or regulator of inteitjst. 
For a complete list of the equations and 
graphical relationships, the user can 
open the Equation window. Boui 
windows can be printed by a simple 
command. 




PLANKTON 



WGURE 3. Complete conceptual diagram of a population model showing the converters 
and input links added to the diagram. 
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At this point, the model is ready to be 
run. Before running the model, the user 
has the opportunity to designate several 
aspects of the simulation technique. 
All models are run as time-dependent 
systems. Thus, the model begins with 
the initial conditions and makes itera- 
tive calculations to detennine how the 
flows and stocks will change over time. 
The modeler can designate one of three 
integration methods (Euler's, 2nd-order 
Runge-Kutla, and 4lh-order Runge- 
Kutta) as well as the increments of time 
to use in calculations and the starting 
and ending time for the simulation run. 

The value of any of the model stocks 
or converters can be produced as a 
model output, and these can be pre- 
sented in user-defined graphic and tab- 
ular forms. The graphic output can be 
presented as a time-series plot (Figure 
5a) or as a plot of one parameter rela- 
tive to another (Figure 5b). The user 
defines which parameters to include in 
the output table and at what time inter- 
vals they should be included (Table 1). 
Output graphs and tables can be viewed 
on the monitor and can be printed to an 
external device. 

Version 2.0 allows the user to save a 



Diagram window or an output graph as 
a bit-map file accessible by "paint"- 
type software or as a file of PICT ele- 
ments accessible by "draw"-type soft- 
ware. Tables and j.e Equation window 
can be saved as text fi:es, accessible by 
many applications, inclding word proc- 
essors and spreadsheets (tables only). 

After a model is operative, the user 
may need to make some adjustments to 
assuie that the model behaves like the 
system it represents. Adjustments to 
equations can be made from the 
Equation window or by opening the 
stock, converter, or regulator of inter- 
est Additional converters and input 
links can be added and defined quickly, 
without redefining the rest of the mod- 
el. The different output options and the 
ability to stop a simulation run before it 
is completed allow the user to evaluate 
the effects of these adjusunents on the 
model's performance. Further tests, 
such as sensitivity analyses, can be per- 
formed by use of some built-in func- 
tions. Adding the PULSE function to 
an equation will cause the model to 
make a one-time and large scale change 
in the value of a parameter used in the 
simulation. Thus a pulse of plankton 



could be included halfwa' through a 
simulation run to determine how the 
model responds to a jne-time £ deration 
in the regulating conditions. Other 
functions allow for continuous change 
in the value of a parameter over time 
(RAMP) or discrete step-wise changes 
(STEP). 

One of the most valuable features of 
STELLA is the availability of two 
functions that introduce user-prescribed 
stochastic bdiavior iii what would 
otherwise be deterministic models. The 
RANDOM function will generate a ran- 
domly selected value between 0 and 1 
to use in describing random behavior of 
a variable or function. The RANDOM- 
generated value can be modified by 
arithmetic transformation to obtain val- 
ues drawn from any continuous proba- 
bility function desired. For normally- 
distributed variation, the NORMAL 
function can be used. The default nor- 
mal distribution has a mean of 0 ana 
standard deviation of 1, however these 
parameters can be modified by adjust- 
ing the arguments of the NORMAL 
function. These functions not only 
allow the user to observe the sensitivity 
of the model to variation in the model 
components, but they can be used to 
study the influence of natural variation 
on the behavior of the system being 
modeled. This is invaluable in helping 
students to learn what levels of varia- 
tion are important in modifying system 
behavior, as well as the particular pa- 
rameters that are most sensative to 
variation. 

EXAMPLES OF STUDENT PROJECTS 
In the process of developing an ad- 
vanced graduate course in fishery man- 
agement, I was faced with the dilemma 
of providing students an opportunity to 
plan and evaluate fishery management 
plans without having the luxury cf rep- 
licable lakes, ponds, and streams or 
years to carry out the cr.periments. 
Simulation seemed a viable means for 
the students to develop their plans and 
to evaluate their consequences within 
itiC reality of a classr >om. A variety of 
mainframe and microcomputer lab 
facilities are available at no additional 
expense to the students on our campus. 
However, I anticipated that few of the 
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FIGURF 4. Graphical definition of the relationship between the converter "LARVAE" and 
the stock "REDFISH.STOCK" using the operation "BECOME GRAPH" in STELLA. 



© 1988 BY NATIONAL RESOURCE FOR COMPUTERS IN LIFE SCIENCE EDUCATION 0742-3233/88/SO.OO + ZOO 



COMPUTERS IN LIFE SCIENCE EDUCATION. VOLUME 5. NVmER % SEPTEMBER 1988 



69 



Students would have the computer skills 
necessary to convert their models into 
program code and feared that lab ses- 
sions would be little more than debug- 
ging sessions. With some frustration, I 
made my course plans based on a tradi- 
tional review of case histories, struc- 
tured discussion sessions, and required 
temi papers. 
I received a copy of the original 
version of STCLLA the week before 
classes began and reviewed it immedi 
ately. It was obvious immediately that 
STELLA would allow me to teach the 
course as I v/anted and within the con- 
straints (eg, limited student program- 
ming ability) that I faced. With some 
trepidation, I cast aside my syllabus and 
outlines and embarked on an adventure 
of experiential learning of my own as I 
tried to stay ahead of the students. 

My goal was isimple. I wanted the 
students to examine and develop theii" 
understanding of how fish populations 
respond to environmental and human 
influences and how humans adjust their 
fishing behavior in response to the 
same factors. Rather than learning sim- 
ply from oi! rs' mistakes and succes- 
ses, they were challenged to slate their 
own understandings in the form of 
models. Tney could then test the pre- 
dictions based on these principles 
against the data of past fisheiy manage- 
ment practices. In the process of carry- 
ing out this exercise, they could refine 
and deepen their understanding of how 
fishery systems function, rather than 
simply find that their ideas were correct 
or incorrect 

I began the course with an introduc- 
tion to the kinds of problems faced by 
fishery managers (relatively small data 
bases and relatively poor understanding 
of how the systems function) and then 
introduced the basic methods of model 
development and use. The first assign- 
ment was to develop a model of a cat- 
fish fishery in which fish entered the 
population by stocking (no natural 
reproduction) and were removed only 
by angler harvest or natural mortality. 
The class worked together to construct 
a conceptual model agreeable to every- 
one. They used data available in pub- 
lished literature and agency reports to 
establish the quantitative relationships 



between "converters" (detearoining 
factors) and "flow regulators" (proces- 
ses). In the absence of documented 
data, they relied upon data on related 
species and fisheries and expert advice 
from fishery managers. 

Once the class had their quantitative 
model designed on paper, I gave them a 
thirty minute introduction to the use of 
STELLA and then turned them loose in 
a laboratory with Macintosh computers. 
None of the students had used a Macin- 
tosh computer before. Within one 
hour, most had their model entered onto 
the computer and operating. 

My reason for describing this se- 



quence is to highlight how easily and 
how quickly students can learn to use 
STELLA. They need sorae prior in- 
struction in the practice of modeling, 
some practice constructing and 
quantifying a simple model, and less 
than one hour of instruction to be able 
to use STCLLA. As with any program- 
ming language, students become more 
accomplished and can create more 
complex models with practice. Prior 
programming experience certainly 
facilitates a more advanced approach 
initially. Even so, students become 
functionally literate in STELLA 
extremely quickly. 
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FIGURE 5. Graphical output of the population model illustrated in Figure 3 using STELLA 
Graphs can be presented as time series plots (A) or as scatter plots of two variables (fi). The 
function NORMAL was applied to converters Temperature" and "Plankton" to generate the 
variation in (A). 
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TABLE h Tabular output of data generated by a simulation run of the REDFISH model 
using STELLA. Conditions of variation for TEMPERATURE and PLANKTON are ihe 
same as in Figure 5. 



Time 


REDFISH S... 


Itcmperat... 


0.0 


5000.00 


20.76 


1.00 


249840.59 


16.25 


2.00 


1008724.6 


18.66 


3.00 


1194601.3 


19.35 


4.00 


1221 407 9 


1 9.90 


5.00 


1249427.1 


18.15 


6.00 


1247460.6 


20.51 


7.00 


1231574.4 


18.41 


8.00 


1230035.9 


19.45 


9.00 


1242133.0 


17.65 


10.00 


1209216.9 


19.34 


11.00 


1228582.4 


19.41 


12.00 


1207441.1 


18.90 


13.00 


1213822.5 


18.51 


14.00 


1210243.1 


18.38 


15.00 


1264946.0 


17.00 



After the students had used their ini- 
tial model to ask some basic questions 
about stocking rates and harvest rates, 
they quickly found that their model was 
extremely simple to use; in fact, it was 
too simple. In the second version of the 
model, they incorporated ind'vidual 
growth, so that fish could be sto" ked at 
a sub-harvesiable size and would grow 
into the harvesiable size class. They 
could 5iave used a variety of model 
structures to accomplish this, but they 
settled on breaking the single catfish 
stock of the original model into stocks 
of catfish of different sizes. Growth 
rates (ie, age of passage into the next 
larger size class) were determined by 
feeding rates and by the total density of 
all catfish. They increased the 
complexity of the outflow ci'^e of the 
model by incorporating length 
restrictions on fish harvest such that 
each size class had different harvest 
mortality rates. 

Successive assipments built more 
demanding features into the modeling 
problem, yet all could be accomplished 
with relatively simple models. As with 
any modeling assignment, students 
tended to make models more complex 
than were necessary. STELLA became 



PLANKTON 


HARVEST 


NATURAL 


243.22 


950.00 


1900 00 


223.74 


47469.71 


94939.42 


192.74 


191657.67 


383315.34 


214.39 


226974.25 


453948.50 


229.57 


232067.48 


464134.97 


212.31 


237391.16 


474782.31 


207.53 


237017.52 


474035.03 


223.52 


233999.14 


467998.28 


268.25 


233706.83 


467413.66 


225.50 


236005.27 


472010.53 


208.97 


229751.19 


459502.38 


242.13 


233430.66 


466861.31 


206.85 


229413.81 


458827.63 


286.80 


230626.28 


461252.56 


306.84 


229946.19 


459892.38 


194.24 


240339.73 


4806V9.47 



unwieldy and slow as model complex- 
ity increased, serving as a negative 
reinforcement against excessive com- 
plexity. To incorporate a more biolog- 
ical basis for fish somatic growth into 
population models, the students de- 
signed a parallel model that used milli- 
meters of fish length as a stock that 
could be increased by environmentally- 
and dentisty-regulated growth equa- 
tions. By linking a series of these 
length Slocks, each representing an age 
class of fish, they cou.M model fish 
growth with a von Bertalanffy model 
The students used the NORMAL func- 
tion in an equation for recruitment of 
young fish into the adult stock to study 
the effects of random variation in envi- 
ronmental conditions (lake level) on the 
success offish spawning and juvenile 
survival. The class developed ali of 
these models as a group project which 
allowed them to learn from each other 
as well as from Ifieir own experiences. 

For the final project however, I re- 
quired each student to develop his or 
her own research problem, a model to 
use in studying the research problem, 
and a report on his or her findings from 
the model. This assignment was the 
most difficult for the students, perhaps 



because they had been too accustomed 
to the group dynamic in finding mod- 
cling tactics to accomplish their as- 
signed tasks. The fact tliat they had 
been given the problem in previous 
assignments and had to define the prob- 
lem in the final assignment may have 
also limited their success in this 
exercise. 

LIMITATIONS TO THE USE OF 
STELLA 

It should be obvious that I consider 
STELLA an asset in my leaching. Al- 
though my initial use was for a gradu- 
ate course, it is quite adaptable to un- 
dergraduate courses. It is simple 
enough that high school students (or 
even junior high students) could learn 
to use it, as long as they are given an 
appropriate introduction to the methods 
of modeling. Yet it is powerful enough 
to be useful in research applications. 
One of our Ph.D. graduates used STEL- 
LA to model the physiological response 
of ruffed grouse to various winter habi- 
tat conditions. In spite of this breadth 
of usefulness, STELLA does have 
^ some limitations. 

Perhaps the first limitation is one that 
some may consider a trivial one. Edu- 
cational software that is usable only on 
a Macintosh computer is less acccssille 
Ihan that which is produced for all 
microcomputer formats. STELLA is so 
closely tied to the Macintosh interface 
that it seems unlikely that it will be 
available Jn PC or Apple II format. We 
are fortunate, that our campus has rec- 
ognized the need for PC and Mac uses 
and has established computer labs 
equipped with both types of machines. 
Other educators may be more limited. 
This is a fault of educauonal planners, 
not of the software. 

My only frustrations with STELLA 
have come when I have tried to push it 
oeyond a pedagogical use. STELLA 
can be quite useful in research applica- 
tions, however its major limitation is in 
the sue of models it can handle effi- 
ciently and its inability to link separate 
modr!s in joint or successive simulatiou 
runs. 

Simulation time slows considerably as 
the integration time steps are reduced 
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and as the number of stocks and flows 
increases beyond 8 or 10. Obviously, 
one solution is to keep models simple, 
yet some applications require more 
detail to produce results usable in a 
research application. Another solution 
is to break cumbersome models into 
subunits that can be run in sequence. 
STELLA can be used in this way, but it 
requires continuous involvement of the 
user to move it from one step to the 
next. It is not designed to allow the 
user to automatically link these sub- 
units into a master run, feeding output 
from one run as input to the next. The 
only way to accomplish this is to run 
the first subunit in the series, save the 
output table in a file, import this data 
into the next subunit as initial '^ata, run 
the next subunit, feed the output to the 
successive subunit. and repeat these 
steps for each subunit In defense of 
the software, this use is extending the 
package beyond its designed use (to 
teach modeling), yet it is so close to be- 
ing useful in other research applications 
that it seems a desirable and justifiable 
improvement (perhaps as a "STELLA 



for Research"). 

One other limitation that concerned 
me involved the random number gener- 
adng funcUons (RANDOM and NOR- 
MAL). These are extremely useful and 
efficiently designr j functions built into 
the software. Yet they suffer from an 
inconvenient limitation. When using 
stochastic models, it is important to 
make multiple runs of the model to 
generate enough sets of output to deter- 
mine the statistical characteristics of the 
model results. STELLA requires the 
user to initiate each simulation run 
directly, rather than programming the 
machine to run the simulation 10 or 100 
times automatically and to save the 
appropriate output from each run. 

Against tlie strengths of all that 
STELLA can do, particularly as a 
teaching tool, these complaints seem 
minor grousings. A more canny us^ 
might be capable of programming ihe 
machine to accomplish what I cannot 
If tliese uses of the software were the 
goals of the designers, it should not be 
necessary to be a canny programmer. 
But the developers knew what they 



wanted,^ and they succeeded remark- 
ably well in meeting their goals. I en- 
courage anyone interested in teaching 
with simulations to try STELLA. You 
will not turn it away. 
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ANNOUNCEMENT 

A Physiology teaching software demonstration will take place at the XXXI Intemationsl Congress of 
Physiological Sciences m Helsinki, Finland, July 9-14, 1989. Computers will be available on-sit'. to 
allow p^cipants a hands-on experience with the programs. Authors wishing to display theu- softwai^ 
are urged to submit abstracts describing the topic, educational goals, and hardware requirements of their 
programs Copies of the programs and minimal documentation (operating instructions) must be 
forwarded to Helsinki by June 1, 1989. Information about the software demonstration can be obtained 

Dr. Joel Michael 
Department of Physiology 
Rush Medical College 
Chicago, IL 60612 
(312)9 2-6426 

Infomiation about the Congress and the required registration material can be obtained from: 
Tlie Secretariat, XXXi International Congress of Physiological Sciences, P 0 Box 722 SF-00101 
Helsinki, Finland. 
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NRCLSE BEGINS SOFTWARE 
EVALUATION PROGRAM 

Harold I Modell 

Department of Radiology, University of Washington, Seattle, Washington 



One of the goals of NRCLSE has been 
to establish a peer critique mechanism 
for software related to life science edu- 
cation.'* Over the past two years, broad 
issues related to the overall focus of 
such a program have been highlighted 
in CLSE, and reader input was encour- 
aged to help define evaluation crite- 
ria.^-^ The underlying issues, however, 
appear lo be too complex to define 
simpit, criteria. 



Recently, EDUCOM has also mad to 
address these issues through two e/al- 
uation efforts. The National Center for 
Research to Improve Postsecondary 
Teaching and Learning (NCRIPTAL) 
established an annual higher education 
software awards program, and EDU- 
COM iniiiated a scholarly review of 
academic software project In its first 
year, the latter has focused on com- 
puter based learning modules in three 
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general cumcular areas, only one of 
which is life science related. These 
programs tend to illustrate aspects of 
the dilemma facing any evaluation 
process in this area* 

Entries in the NCRIPTAL program 
undergo evalpation by instructional 
design experts as well as content ex- 
perts. As a result, finalists in the com- 
petition tend to be at tJie "cutting edge" 
in terms of instructional design criteria 
and utilization of available computer 
capability. Thus, although some older 
software may be very effective in pre- 
senting material and hence potentially 
very helpful to educators, they may fall 
short of ratings that would convey this 
to potential users. 

Hie guidelines for reviewers in EDU- 
COM's software review project reflect 
an assumption that the software has 
been designed primarily to "teach" a 
paiticular topic. Thus, programs that 
have been designed to augment class- 
room interaction or provide animated 
illustraton materia in a group setting^-^ 
may not receive appropriate reviews. 

Two approaches to the overall prob- 
lem may be taken. The first is to delay 
implementing a critique mechanism 
until clear criteria are evident The 
second is to implement a mechanism 
that will not be ideal but that will pro- 
vide a framework in which evaluation 
criteria may be tested and allowed to 
evolve as more experience is gained. 
After taking the first approach for 
several years, it ha^ become clear to 
NRCLSE that significant nrogress will 
not occur until the latter approach is 
attempted. 

THE NRCLSE PEER CRITIQUE 
PROGRAM 

The NRCLSE peer critique program 
being initiated with this month's issue 
of Computers in Life Science Educa- 
tion will serve as the first step in this 
process. Its initial focus will be micro- 
computer software (Apple II, MS-DOS, 
and Macintosh), and its goal will be 



two-fold: to provide software authors 
with feedback and to provide users 
with information. The feedback will 
include a critique of the software and 
suggestions for ways to make it more 
versatilv . Each piece of software will 
be critiqued from content and instruc- 
tional design standpoints. Because 
computer memory and mass storage are 
no longer limiting factors as they were 
several years ago, program efficiency 
does not seem to be as important an 
issue as it once was. Thus, the pro- 
grams will not be examined from a 
computer programming standpoint 
Each author will be required to sub- 
mit a written narrative addressing the 
following questions to give reviewers a 
basis for initial evaluation. 

• What need prompted the develop- 

ment of the software? 

• For what student population was the 

software intended? 

• In what environment is the software 

intended to be used (eg, group 
discussion, independent study)? 

• Why was the specific format of the 

software chosen? (ie. What is the 
underlying philosophy of the 
software?) 

• How long has the software been 

used with students? 

• What attempts have been made to 

evaluate the impact of the soft- 
ware, and what were the results of 
those evaluations? 

The software (copies supplied by the 
author) alon^ with copies of the narra- 
tive will be sent to at least two content 
reviewers and one reviewer with exper- 
tise in instructional design. The soft- 
ware will be returned to the author with 
the reviewers' comments unless the 
author designates that reviewers may 
keep the software. 

FOCUS OF EVALUATIONS 
Although developmen t of specific eval- 
uation criteria will require some experi- 



ence with the critique process, guide- 
lines, in the form of a series of ques- 
tions, will be provided for the review- 
ers. The content reviewers will be 
asked to focus initially on the following 
questions. 

• Is the content accurate? 

• Does the software appear to meet 

the design criteria specified by the 
author? 

• Are error messages provided where 

appropriate? 

• Do the form of ^iior messages (if 

appropriate) provide an additional 
learning experience for students? 

• Is the software suitable for student 

populations or educational settings 
other than those specified by the 
author? If not, what modifications 
would be necessary to make the 
software more versatile? 

• Are you aware of other software that 

covers the same material? If so, 
who are the authors, and how does 
this program differ from the 
others? 

• What features did you like best 

about the program? 

• What features did you like least 

about the program? 

Reviewers with expertise in instruc- 
tional design will be asked to examine 
the program with the following ques- 
tions in mind. 

• Are the input and output schemes 

followed in this program consistent 
with sound instructional design 
principles (not necessarily "stafe of 
the art")? 

• How could the input and output 

screens be improved and sail meet 
the program needs as slated by the 
author? 

FVNDING FOR THE PROGRAM 
Because NRCLSE has been unable to 
identify potential sources of funding 
for such a program, the program must 
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be self funding. Each author will be 
required to submit a nominal fee of S25 
to cover handling, mailing, and follow- 
up costs associated with the review 
process. 

SOFTWARE REPORTS 
To meet the goal of providing software 
users with information concerning 
available software, each complete pro- 
gram received will be included in the 
CLSE Where's the Software listing. In 
addition, each complete package will 



be considered for an in-depth review 
article in CLSE. 
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A STUDENT'S VIEW OF COMPUTER-BASED 
CURRICULUM INNOVATIONS 

Susan Erdman 

Division of Comparative Medicine, Massachusetts Institute of Technology, Cambridge, Massachusetts 



Unlike the classes before them, each 
student of the Class of '88 of Missis- 
sippi State University College of Vet- 
erinary Medicine was required to pur- 
chase a computer upon matriculation.' 
Having been '^•;e of these students, I 
had the opportunity to witness, first 
hand, computer-based innovations in 
the currictilum. After four years, some 
of js fantasized about nationwide com- 
puterized networking systems while 
others imagined a 128K Macintosh 
computer falling twenty stories and 
crashing to the concrete while David 
Letterman's audience cheered. No 
doubt, the Class of '88 were pioneers, 
and, no doubt, the introduction of com- 
puters into the curriculum was progres- 
sive. The progress, however, was not 
without controversy. 
The computers were added to our cur- 
riculum primarily to facilitate informa- 
tion management The computer appli- 
cations in the curriculum included 



word-processing, aiagnostic tools, data 
organization aids, spreadsheets, and 
graphics. MacWrite data disks re- 
placed the traditional hard-copy sopho- 
more and junior course objectives. 
PKC diagnostic and management soft- 
ware was briefly introduced. Think- 
tank was applied to organize projects, 
and Jazz was applied to hypothetical 
practice management exercises. Por- 
tions of our freshman anatomy course 
utilized Filevision to computerize les- 
sons so that information leaves coordi- 
nated with anatomical illustrations 
presented logically on the computer 
screen.^ Today's classes also use com- 
puterized case analyses that unfold 
uniquely with each management deci- 
sion throughout a hypothetical case. 

As freshmen, most of us sat staring 
blankly at the computer screens. Most 
01 us had little previous computer ex- 
perience, and some had no interest in 
learning. Fortunately, the curriculum 



planners chose Macintosh computers, 
which are generally easy to leom to 
use. This standardization al?o created 
computer compatibility that facilitated 
exchange of information and skills. 
Word processing with MacWrite quick- 
ly became popular for vocational and 
avocational computer use from editing 
course objectives to polishing resumes. 
Only computer games were used more 
frequently than MacWrite. The volu- 
minous course objectives that were pre- 
sented on a computer disk were easier 
to store (for example, in a pocket) and 
access than hard-copies. Moreover, 
students now had the option of person- 
alizing the course outlines for future 
reference. (Course objectives are cur- 
rently presented with HyperCard, which 
further increases flexibility and acces- 
sibility of information storage by estab- 
lishing software Jinks among related 
data,) Although we had few opportu- 
nities to apply diagnostic software in 
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the didactic portion of the curriculum^ 
Sx^nie students applied diagnostic soft- 
ware to clinical cases during the senioi 
year. On several occasions, computer- 
generated differential diagnoses dem- 
onstrated their utility in the clinics. 

Interestingly, on a more negative 
note, my classmates frequently chose to 
study and work from hard-copies in- 
stead of from the computer screen, per- 
haps because they were more comfort- 
able with thu familiar format or, per- 
haps, because computer screens were 
harder on the eyes during long hours of 
study. Evsn more serious, opponents 
of the computerization suggested that 
computers might compromise mastery 
of the "veterii:ary essentials." 



Considering the burgeoning advances 
within the veterinary disciplines, it 
seems difficult to construct an appro- 
priate and manageable knowledge base 
using traditional approaches. Yet, it is 
important that veterinarians have ac- 
cess to pertinent and current informa- 
tion. Our veteriiiary curriculum dem- 
onstrated that computers facilitate ac- 
cess to a dynamic information source 
that can grow with the field. Indeed, 
computers can help veterinarians 
harness some of our expanding know- 
lec'je resources to improve future 
veterinary care. 

Who knows how much professional 
impact our computer experience had on 
the Class of '88? When the future 



demonstrates uiat computers improve 
veterinary services, no doubt, com- 
puters will be further integrated and 
utilized within our profession. The 
Class of '88 and their successors will 
be well prepared. 
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NRCLSE SOFTWARE EVALUATION 
SUBMISSION FORM 

Hie NRCLSE software evaluauon prograni has been initiated to promote development of high quality, versatile cducauonal 
software in tfie life sciences by providing authors with feedback from critiques by life science educators and instrucuonal 
designers. To ensure that software is reviewed in an appropriate fashion, it is essenual that reviewers fully understand the 
rauonale underlying the design criteria chosen by the author and the environment for which ihe software is intended Please 
provide the following informauon concerning each software package to be evaluated. 

Submit 3 complete copies of the software and all supporting documentation along with $25 (to cover handling mailine 
and follow-up costs) to Software Evaluation Program, NRCLSE, Mail Stop RC-70, University of Washington," Seattle,' 

Author's name: 
Author's address: 



Title of software: Content arsa: 

Minimum hardware requirements: 

Optimal hardware configuration: 

Software requirements (operating system, etc): 

Student population for which software was written: 

Environment for which software is primarily intended (independent study, classroom discussion, lecture enhancement, etc): 
How long has this software been used by students? 

Can reviewers keep the review copy of this software? 
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Describe the underlying philosophy of this software. What need promplcd the development of this software? Why was the 
specific format of the software chosen? What goals did the input/ouput scheme (or screen design) addrcss? Is documentation an 
integral part of the package? How is it intentcd to be used? (Use additional pages if necessary.) 



ERLC 



© 1988 BY NATIONAL RESOURCE FOR COMPUTERS IN UFE SQENCr EDUCATION 

fv- 



0742.?^33/88/5O.OO + 2.00 



COMPUTERS IN LIFE SCIENCE EDUCATION. VOLUME 5. NUMBER 10. OCTOBER 1988 



Has the software been evaluated by students? 

Brieny describe the format and results of any student evaluation. 



79 



What attempts have been made to evaluate the impact of the software on student progress? 



What were the results of the impact evaluation? 
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SELECTING AN AUTHORING 
SYSTEM 1988: HOW THE 
VENDORS MAKE IT MORE 
DIFFICULT 

Mary S. Trainor and R Alexarxdra Schultejann 

Los Alamos National Labor aior:^, Los Ala; w, New Mexico 



Selecting an authoring system can be 
ai) intimidating prospect, considering 
the number and diveniity of systems on 
the market today. Most organizations 
contemplating an authoring system pur- 
chase have neither Ih^^ time nor pcrsen- 
nel to devote to lengthly benchmark 



icsting.^-^*^ Instead, these organizatscns 
are forced to make an evaluation of 
numerous authoring systems based 
solely on liie information and demon- 
stration packages provided by the ven- 
dors. The major problem posed by this 
approach is that these packages do not 



Editor's Note 

The papers in this month's CLSE were presented at the 30th International 
Conference of the Association for the Development of Computer-Based 
Instructional Systems held in Philadelphia, PA. November 7-10, 1988 and are 
reprinted from the proceedings of that conference. 
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include the information necessary to 
evaluate the usefulness and applica- 
bility of an authoring system for the 
organization's purposes. 

The Cognitive Systems Engineering 
Group at Los Alamos National Labora- 
tory has been active in the computer- 
based training (CRT) field for more 
ihnn three years. We have developed 
several prototype computer-based sys- 
tems for various agencies and are well 
acquainted with the consiraiR.s of pro- 
gramming languages versus authoring 
systems. 

This paper describes our experiences 
in attempting to recommend an au- 

t<iv/iiif^ ojrokvttt uiat WUulU lA^'M auil UlC 

purposes of our client Our client had 
very specific requirements, and we 
were limited by both time and re- 
sources in the evaluation process. We 
encountered numerous difficulties in 
our attempt to conduct a thorough 
evaluation under our time and funding 
constraints. The information and 
demonstration packages provided by 
the vendors contained insufficient in- 
fomation for us to thoroughly evaluate 
the authoring systems. We present 
some suggestions to vendors on the 
information that should be provided to 
allow potential customers adequate 
data for evaluation. In addition, this 
same information can used by po- 
tential authoring systems customers (eg 
iraining/'education managers and de- 
signers) in their evaluation of authoring 
systems. The goals of the paper are 

1) to suggest to vendors that they 
provide more consistent and 
thorough information, and 

2) to encourage potential customers to 
be more demanding of the vendors 
and more educated in their 
evaluations. 

METHODS 

Selecting an authoring system should 
be done with some care to ensure that 
the system is compatible 'mth the cus- 
tomer's needs and desires. We divided 
the selection process into fourniujor 
steps: 

Step 1. Define requirements 

It is important to define the needs of the 



group that will be developing the CBT, 
both now and in the future. These 
requirements not only include such 
factors as Uie skills of the person(s) 
who are going to be doing the authoring 
but also the desired features of the 
courseware. A tradeoff analysis needs 
lo be done, determining priorities, for 
in the development of each authoring 
system, priorities were set Your 
priorities should match those of the 
system developers. For example, it is 
difficult to obtain an easy-to-leam 
interface which also allows for sophis- 
ticated instructional su-ategy develop- 
ment (eg, simulation). It also needs to 
be iaken inio account that as a CBT 
program grows, the level of sophisti- 
cation desircJ increases. Thus, features 
which seem unnecessary now (eg, 
ability to jump out to a fiogTamming 
language, digital audio) may become 
highly desirable a year from now. 
Unless these fcdiures are anticipated 
selection of a highly constraining 
system may occur. The specific needs 
and requirements for the evaluation we 
undertook were: 

•An authoring system that is compat- 
ible with ZeniLh Z248's for 
authoring and the EIDS system for 
delivery. 

•A system capable of bundling a vari- 
ety of instructional strategies, in- 
cluding drill and practice, tutorial, 
gaming and simulation. 

•A computer-managed instruction 
(CMI) capability which allows for 
such features as customized record 
keeping, report generation, a variety 
of test modes, and learning prescrip- 
tion generation. 

•The capability to incorporate other 
graphics and routines developed in a 
programming language into the 
authored courseware. This was 
desired because of future flexibility, 
allowing for addition of features not 
possible through the authoring 
system. 

•A system that is easy-fx)-leam for 
nonprogrammers with minimal time 
spent on documentation. 

•Versatility so that authors who be- 
come familiar with the system will 
be able to customize the interface to 



their own preferences. 
•The capability to customize the 
feedback relative to the course and 
to include sophisticated answer- 
judging routines. 

•A system that provides a variety of 
questioning formats. 

•A system that does not charge royal- 
ties or include a separate presenta- 
tion system. 

•Miiiimum maintenance costs. 

•The ability to add videodisc capabil- 
ity, and perhaps CD-ROM, in the 
future. 

Step 2 Select authoring systems for In- 
depth evaluation 

Because of the number of authoring 
systems on ihe market, it was not po.<;- 
sible to evaluate them all. We started 
the narrowing down process by doing 
background research on authoring 
syste- i-4A7.io.li making a prelim- 
inary -dection from the CBT Guide to 
Computer-Based Traimng Systems and 
Courseware published by Data Train- 
ing and Weingarten Publications, Inc.*^ 
The Guide covers the basic attributes of 
98 authoring systems, and Data Train- 
ing provides a matrix of system fea- 
tures versus authoring system. The 
Guide, literature, and our own experi- 
ence allowed us to select eleven sys- 
tems as candidates for evaluation. 

Step 3. Contact vendors for Information 
and demonstration packets 
All eleven vendors were contacted by 
phone for information about their prod- 
ucts ar. /or a demonstration of the sys- 
tem. Four vendors were not able to 
send demonstration discs for evaluation 
because they had not produced ( ne. 
One vendor subsequently sent the en- 
tire authoring system for us lo preview, 
but we did not have the 8 to 12 hours 
required to adequately evaluate the 
system. Of those having a demonslra- 
•ion disc, most desired a small payment 
for the disc ($15-25). We explained 
that we felt, since this was a main 
marketing tool of theirs and we were 
potential customers, we should b^ pro- 
vided the disc free of charge. In addi- 
tion, in o:ir institution it would have 
cost far more than $1 5 to S25 to get the 
necessary purchasing paperwork 
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through the system (not to mention 
time). All vendors cooperated, but in 
several instances, many phone calls 
were required in order lo obtain the 
disc. We had to describe in detail who 
we were and the nature of the evalua- 
tion. 

The printed information we received 
on the authoring systems consisted pri- 
marily of sales iiterature; ma ^.y vendors 
did not send the pertinent technical de- 
tails we required for a thorough evalua- 
tion. When queried on tlie phone about 
this, several vendors said that we were 
n.ore inquiring than most of their po- 
tential customers: and thus they did nor 
have literature prepared at that level of 
technical detail. 

These factors contributed to this being 
a most time consuming and unpleasant 
step in the evaluation process. 

Step 4. In-depth evaluation of the 
authoring systems 

The next step was to analyze each au- 
thoring system relative to our criteria 
and based upon the information and 
demonstration packages received. Our 
criteria, shown in Table 1, were devel- 
oped from our experience, the litera- 
ture, and from the evaluation require- 
ments. We had thought that the Data 
Training Guide would provide us the 
necessary criteria, but after reading it 
through, we discovered that Data Ti-ain- 
ing only set the features list, and the 
vendors had great liberty in what they 
submitted under each feature. None of 
the information was parallel, making 
romparisons difficult, i^not impossible. 
We are not faulting Data Training in 
this discussion, as tliey were providing 
a very useful data clearinghouse 
function compiling the system/vendor 
information. 

Step 5. Recommendation of an authoring 
system for purchase 
The last step was to examine our eval- 
uation information and make a final 
selection. Unfortunately, our results 
were quite inconclusive because of 
inadequate information (see discussion 
of this under RESULTS below). We 
were able to narrow final candidates to 
three, however. Because we needed to 
make a recommendation, we selected 



Table L Questions to ask when choosing an a uthoring system 

1 . What is the cost per instructor station? per student station? What kind of agreement 
do I need? If number of student stations is large and undefmcd at this point, then an 
agreement for unlimited usage and no special presentation system is probably desired. 

2. What is the royalty agreement? Am I willing to pay the vendor for each externa^ 
usage of my courseware? If unlimited distribution is 'esirM, ask about cost of this up 
front 

3. How easy-to-leam and easy-to-use is the system? Many vendors say their system is 
easy, and yet they require extensive training delivered by them. Call current system users 
and ask them and/or try the system out for yourself lo answer this question. 

4. What are the hardware requirements? Does the system require some specialized 
hardware you do not have access lo or cannot afford? Some vendors developed their system 
lo run on one set of hardware and then retrofit for others. If your hardware is retrofitted, it 
msy be swkwHrd lo uss. 

5. What support does the vendor supply? Does the vendor supply telephone consulting 
(you will need it as you get started)? Are software updates provided? Arc the updates 
designed to be compatible with earlier versions? 

6. What graphics, video, input devices and audio are supported? The power of fhe 
technology comes through in the use of high quality graphics (Including overlay on video), 
digital audio (not just audio on videodisc), the ability to use touch or mouse as well as 
keyboard, and the videodisc You may not want these now, but you probably will later. 
Don't bmd yourself to an authoring system which is constrained and not keeping up with 
new technologies. 

7. Which instructional strategies are supported? ivlan> authoring systems constrain you 
lo tutorial and drill and practice formats, yet the simulation and gaming strategies may be 
needed for a particular applicction. How docs the vendor defmc a particular sU^tegy? The 
vendor may define it differently uian you do as well. 

8. How does the computer-mc-^aged instruction (CMI) work? Most systems have CiMI, 
but it may not match your needs. What recoid keeping and reporting do you require? Will 
the system require a central file server? Do you have to pay exlra for CMI? 

9. What response and questioning strategies can be used? You will want to be able to ask 
some open-ended questions, as well as multiple choice questions. W'll the system allow for 
this? Does it have a built-in spelling corrector? Can several specific hints be given for 
different wrong answers, to aid the student in reasoning to the correct answer? 

10. How flexible is the interface for different screen designs? Can you have different 
types of m -i.us: located at different screen locations? of different siz^? with icons/ 
graphics? 

11. Does the system support tea!Ji development? Can one peison be working on graphics 
while another working on audio and text for the same lesson at the same time? 

12. How easy is L to change and update a lesson? Maintenance costs can be high and 
mt^intenaiice is always necessary. What features does the system have to accommodate 
maintenance? 

13. Can it talk tc programming languages? If an authoring system has an efficient way to 
jump out lo code wriltcn in a progranuning language, then it provides much greater flexibil- 
ity than a system which does not have this capability. This is desirable whether you need this 
flexibility now or not. 

I''. Can it import courseware written using other systems? You may need to author or 
write scripts using other software systems, and if you can import those files into the 
authoring system directly, you can save a great deal of time. 
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one of the final %ec sysu ^/vendors 
on the basis of uie degree of coopera- 
tion thoy gave us on the phone, their 
reputation, aiid the apparent expansibil- 
ity of the system. 

RESULTS 

Some of our evaluation criteria were 
readily answerable either through the 
demonstration packages or in the in- 
formation sheets (numbers i;2,6,8,l6). 
Compaiibililies and system features 
were fairly easily determined. In fact, 
the authoring systems we were evaluat- 
ing were reaiarkably similar in their 

Av^->uvd wiui iitu(> app<irciit UiUCrCIIUCb 

to use "or discrimination purposes. 

In the area of cost, it became apparent 
tiiat the advertised cost was very nego- 
tiable depending upon the size and na- 
ture of the contract, as well as the busi- 
ness of the contracting institution (eg, 
education or government). For exam- 
ple, if an institution were to purchase 
several authoring workstations and 
many student presentation systems, the 
price would be reduced significantly. 
One could only obtain this type of 
informaiica on the phone through 
probing, and therefore many potential 
customers would not obtain this infor- 
mation. Another C05>: issue resulting in 
confusion vas royalties. In our case, 
we did not want to have to pay royalties 
on inten.ally developed and distributed 
courseware, but nther have the free- 
dom of distribution, oeveral vendors 
seenfied ill-prepared to cone with this 
requirement in terms of cost estimate, 
even though it seems to be a conr lonly 
held and desirable requirement in the 
community. 

We were unable to make any judge- 
ment on several key criteria because of 
inadequate information. These criteria 
are listed and described tolow. 

Ease-of-use 

Only two of the demonstration pack- 
ages included enough of the program so 
lliat a limited course could be built, giv- 
ing us a true "hands-on" experience 
with the authoring system. Without 
actually frying to use the authoring sys- 
lr;m, it was impossible to evaluate ease- 
of-use. Similarly, without an example 
of documentation, we were unabL to 



evaluate it or how much the program 
depended upon it. Wf discussed this 
drawback of the demonstration discs 
with se» era! vendors, and they agreed 
with our criticism. The vendor claimed 
that most people evaluating tho systems 
do not request evaluating case-of-use 
and ease-of-Ieaming (even though these 
are very relative) '^id that the> would 
not be ^yroducing demo discs to make 
this possible. The only alternative they 
suggested was trying to use the com- 
plete auihoring system package (some 
offered to send one on a trial Vasis), yet 
such use requires a larger ♦Jme invest- 
ment ihan v/e (and most potential cus- 
tomers) have for evaluation. 

External interface 

We were unable to determine the extent 
the authoring system was capable of 
interfacing with other software and 
programming languages. Ahhough all 
of the systems we were evaluating 
claimed this capability, it became ap- 
parent through review J the literature 
that some systems were more capable 
than others. In one case, for example, 
jumping out to some external code was 
quite easy, but quickly jumping back 
into the authoring system courseware 
was not possi^'\ 

Computer managed instruction (CMI) 
Only three of thf* systems evaluated 
included sufficient information on the 
CMI capabilities. The others informed 
you that they did have the capability of 
testing and record keeping, but did not 
provide intormation on the nature of 
the CMI interface, the number and 
types of records kept routinely, the 
method of access for students versus 
insln\ctors, the learning prescription 
feature availability, or the types of 
testing possible. 

Question fornibt 

Only two of the systems evaluated dis- 
cussed the subject of possible question 
formats adequately and, then, only on 
the demonstration disc. Most of the 
systems mentioned multiple choice and 
fill-in as quesaoning modes, and some 
included matching and true/false. For 
most of the systems, we could not de- 
termine if short answer or long answer 



questions were possible. In addition, 
there are a variety of ways of designing 
questioning screens, and yet we had no 
vay of knowing from the demonsU'a- 
tion discs which types of interfaces 
were available for which systems and 
how easy they were to generate. 

Customized feedback 
We ^\ ere able to determine the extent jf 
customized feedback and answer judg- 
ing only from the ^vo demonsL^tion 
discs that allowed us to actually build a 
program. These discs represented a 
wide range in feedback treatments pos- 
sible, thus the complexity of the crite- 
rion was evident We were interested 
in information such as h> ' ' long ilie 
feedback could be, how many custom- 
ized responses could be programmed 
per course, and how the answer judging 
was handled. This parameter was im- 
portant to us, because we wanted to aid 
our students in reasoning to the correct 
answer for a problem instead of just 
being told "try again" or being told the 
right answer after only two incorrect 
ansv^rs. The majority of systems we 
evaluated did not fully discuss the sub- 
ject, thus our evaluation was incom- 
plete for this criterion. 

Instructional strategies 
Instructional strategy, or the method 
used to aid the student in achieving the 
objectives, is critical to a good match 
between the subject matter and the stu- 
dent needs. For example, a drill and 
practice strategy is adequate for learn- 
ing multiplication tables but is very 
inadequate in assessing a student's 
ability to operate a particular control 
panel. Since most installations need to 
provide courseware on a variety of ap- 
plications requiring a variety c. Instruc- 
tional strategies, flexibility and robust- 
ness here was necessary. None of the 
systea/s we evaluated adequately 
treated the instructional sa:ategies issue. 
It was also not possible to deduce this 
informaaon based on the data provided 
in the information and demonstration 
packages. 

Compilation 

One of the systems indicated that the 
resultant courseware was an uncom- 
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piled program written in a program- 
ming language. The other seven pro- 
''ucts we evaluated did not indicate if 
^le coursewaie generated by the author- 
ing language was compiled or co ]o. 

DISCUSSION AND 

CONCLUSIONS 

The information provided by the ven- 
dors on their authoring systems was not 
adequate to make a thorough evaluation 
of the products. We found ihai most of 
the information provided by the ven- 
der was sales- and feature-oriented 
rather than oriented toward the per- 
formance of the system and the modes 
of instruction it supports. Most of the 
demonstration discs we looked at were 
compjter-based sales pitches that dem- 
onstrated samples of courses and graph- 
ics created by the authoring system. 
They did not indicate how the program 
was achieved and the amount of time 
one could expect to spend generating a 
similar course, nor did they indicate the 
types of instnictioaal designs that could 
be generated beyona a linear of 
questions and answers. 

When questioned by us, the vendors 
agreed to the limitations of the informa- 
tion packages and demonstration discs. 
It seems, however, that we as custom- 
ers are not demanding that they pro- 
duce alternatives. Potential customers 
of the authoring systems need to te 
more thorough in their investigations 
and evaluations and more demanding of 
the vendors' materials. Similarly, ven- 
dors need to lend greater assistance to 
their prospective customers by provid- 
ing the necessary information so that 
users can make an intelligent selection. 
Based on our experience, we recom- 
mend tiiat potential customers generate 
a list of criteria prio. evaluation and 
be firm with the vendors in obtaining 
answers. We recomr jnd that vendors 
include more detailed technical infor- 
mation in their sales and demonstration 
packages, the specifics of the addi- 
tional informatior needed is described 
below. 

1. Our foremost recommendation is 
for the vendors to allow the poten- 
tial customer to actually use the 
authoring system in the demonstra- 



tion disc. Proprietary protection 
can be achieved by limiting the 
number of screens that can be built 
or by not enabling a "save file" 
routine. It is virtually impossible 
to get an indication of system 
responses, capabilities, perform- 
ance, and ease-or-use without 
actually using the authoring system 
itself. This type of demonstration 
disc is widely r^ailable in the 
"expert system shell" business, so 
vendors of expeit systems can be 
contacted for details of logistics 
and design. The expert system 
shell demo discs do enable you to 
create and save your own mini- 
expert system knowledge base, and 
yet they are consaaining enough so 
that you could not actually produce 
a fully operational expert system 
with them. Through the use of 
three of these discs we were able to 
make a very intelligent evaluation 
of the different interfaces relative 
to our needs. 

2. Provide examples of different in- 
structional strategies in both the 
sales literature and on the demon- 
stration discs that can be achieved 
with the authoring system. Define 
what yon -lean by "tutorial" and 
"simulation", as these terms have a 
variety of meanings in the field. 
Sho'v the types and varieties of 
questioning formats that are 
allo'ved within the constraints of 
the system. 

3. Offer demonstration discs to poten- 
tial customers, if only on a "bor- 
rowed" ba«,is. Potential customers 
should not have to pay to obtain 
essential information to adequately 
evaluate a vendor's product. 

4. Provide more technical information 
on tne performance of the author- 
ing system. 

5. Include more information on the 
system's ability to interface wir 
other software and programming 
languages. Also, discuss the capa- 
bilities to build library files of 
graphics and subroutines. 

6. Include more i: • onjation on the 
CMI package and its capabilities 
and applications. Give examples 
of the types of iccords posr^ble and 



identify how scorekeeping is 
accomplished. 
7. Discuss if and how feedback can be 
customized to fit the needs of the 
user. Include the constraints on 
customizing feedback as well as 
capabilities. 
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There is a continuum of computer- 
based exercises,'* each with its own 
advantages and limitations, that ranges 
from the "conventional" (CAI) to the 
"intelligent" (ICAI). Applicaaon of 
signijficxint concepts fix)ni the field of 
artificial intelligence (AI) to the devel- 
opment of computer-based exercises, 
even in the absence of expensive AI 
"tools", can result ii.* innovative teach- 
ing programs. 

We have already written several CAI 
exercises in physioiOgy.^'^-^-^^ For the 
past two years, we have focused on de- 
veloping two tutoring programs in the 
domain of the cardiovas'^ular (C V) 
physiology. Neither program functions 
at the level of an ICAI exercise; they 
arc not yet "smart ttitors". But, we 
have produced sophisticated programs 
that are of use with our (JAM and 
AAR) students, and at the same lime, 
are pointing the way to our eventual 
development of truly "smart" program. 

WHAT IS A "SMART TUTOR" 
A "smart tutor" (someti/nes referred to 
as an intelligent tutoring system or ITS) 
is a computer program able to assist a 
student in mastering some subject mat- 
ter domain.-*'" The essence of such a 
program is that its tutoring — its inter- 
action with the student^ — is context de- 
pendent.^^ This means that thepartxu- 
lar action it takes is determined by the 
current state of the student's knowledge 
or understanding. To prodixe such a 
behavior, a "smart tutor" must be able 
to: 

1) model the student's understanding 
of, or misconceptions about, the 
domain being studied;^ 

2) solve the problems being presented 
to the student; 

3) tutor the student, selecting a se- 
quence of actions (tactics) accord- 



ing to some strategy that depends 
on the current slate of the student;^^ 
and 

4) communicate witli the student in a 
way that reveals what the student 

uAAt^vAOi«uit^d, III iiiaiijr, xjui. ii\Jt oil, 

cases this requirement can best be 
met by the ability to generate a 
two-way natural language conver- 
sation."^ 

As interim steps along the way to the 
development of our two "smart tutors", 
we have employed approaches to par- 
tially realize some of the above func- 
tions that do not require expensive or 
complex AI resources. Before describ- 
ing these solutions, however, v/e need 
to briefly describe the particular pro- 
grams we are working on. 

"SMART TUTORS" IN CV 
PHYSIOLOGY 

As teachers of medical physiology, we 
(JAM and AAR) routinely ask students 
to learn the behavior of complex, nivilti- 
component systems with feedback, and 
to do this in a way that facilitates their 
ability to "solve problems". Our pro- 
grams are intended to assist students in 
this task. 

The first program assists students in 
solving pathophysiology problems. 
Here, the student is askc/J to first deter- 
mine the pathophysiology giving rise to 
a constellation of signs and symptoms 
presented by a patient, and then to ex- 
plain the origin of these features from 
the physiological cause they propose.^ 
The general educational objective of 
this exercise is the development of 
those skills needed to apply a hypo- 
thetico-deductive problem-solving 
approach^ to a particular class of 
problems. 

A second program coaches students 
working with a computer simulation of 



me system that maintains a constant 
blood pressure. Here, the student 
predicts the changes that will occur in 
seven parameten; following selected 
experimental procedures (the tutor is 
based on a LCaching program caiied 
CIRCSIM"^). The general educational 
objective of this exercise is the devel- 
opm?;nt of rhe ability to analyze the be- 
havk-: of complex systems possessing 
feedh^ck.^'^ 

INCORPORATING "INTELLIGENCE" 
INTO CAI EXERCISES 
While the present versions of these two 
programs are not as "smart" as they 
will eventually be, they effectively per- 
form some of the functions necessary 
for an ITS without using sophisticated 
AI techniques. 

Student - computer Interface 
Effective tutorin^^ will require that the 
student be able to communicate with 
the program using natural language. 
However, the development of a robust 
natural language capability, one able to 
understand ill-formed inputs generated 
by the student, and produce complex, 
context-dependent outputs, is a major 
undertaking which we have only 
started. In the absence of these capabil- 
ities we have developed two alternative 
ways for students to ^''ovide /nputs that 
contain enough information to drive a 
tutorial interaction. 

In the pathophysiology tutor^ the stu- 
dent musL' 

1) identify patient signs and 
symptoms, 

2) generate hypotheses, 

3) request data, 

4) validate hypotlieses, and 

5) provide explanations. 

A menu-driven approach provides these 
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functions at this time. 

> identify pertinent ^^atient findings, 
the student uses a cursor to highlight 
text in the description of the patient; the 
selected text is then saved to a file for 
later use by the student and by the tutor. 
To generate an hj'pothesis to account 
for the findings ae has selected, the 
student "page<:" through a set of struc- 
tured menus until he finds an hypothe- 
sis that he identifies as the source of the 
patient's problem. Data about the pa- 
tient is requested.Vv f e student in a 
similar way. V/L \ ihe set of possible 
hypotheses or data is clearly finite, it is 
sufficiently large that it places no sig- 
nificant constraint on the students' 
selection — it docs not suggest "an- 
swers" that the student might not have 
arrived at if he was working indepen- 
dently. 

In our simulation-based program, the 
student makes predictions about the di- 
rection of change of specified param- 
eters using a predictions table in which 
the student can move a cursor Jid tog- 
gle the desired entry into each celL 
This set of inputs pnvides the tutor 
with an assemblage of c'^ta from which 
it can deduce a cognitive model of the 
student and then decide on tlie appro- 
pri?te response to generate. These is 
clea y more infonnation available here 
than in a conventional CAI situation 
where a student answers a single ques- 
tion whose correctness is assessed and 
nsed to select feedback. 

Expert problem-solvers 
A "smart tutor" must itself "under- 
stand" the subject matter so that it can 
solve the problems presented to the stu- 
dents and interpret students' responses. 

For example, in a simulation-based 
tutor, the simulation itself is an expert 
problem-solver that it calculates the 
behavior of the system for each input'' 
Thus, whether the student is asked to 
make qualitative pru^ictions about the 
system, or to calculate the quantitative 
responses he expects, the correct an- 
swer is internally available. 

Alternatively, in many domains it is 
possible to develop rule-oased qualita- 
tive, models with which to generate pre- 
dicdons and explanations about systeni 
behavior.*^ This is the approach that 



we have taken with the prelinr.inary 
version of our CV simulation tutor. An 
algorithm has been wiitten with which 
the qualitative behavior of the system 
to any input can be determined. Such 
an approach enables one to model com- 
plex systems where an analytical model 
may be too difficult to generate, or 
where sufficient data is not available 
upon which to base such a model. 

Where the nature of the exercise does 
not permit a model-based approach, 
one may use a stored data-case of solu- 
tions to the problems to be presented. 
This is the approach we have taken 
with the pathophysiology tutor where 
we are dealing with a necessarily small 
number of problems (both because 
there are a limited number of patient 
problems that are relevant to our educa- 
tional objectives, end because the time 
required to solve eiich problem is suffi- 
ciently long that the student can only do 
one or two problems at a sittinp\ Solu- 
tions to each of the three problcn»s in 
our exercise are stored using an ap- 
proach that resembles a data-base 
program. 

Student-modelling 

Conventional CAI generally utilizes 
conditional branching from individual 
answers to determine the particular 
feedback to be provided or the next step 
in the exercise to be pursued. While 
this "individuaijzes" the students' ex- 
perience in sor limited sense, it pro- 
vides a fixed r( ponse to any wrong 
answer regardless of the. reason that 
the student answered incorrectly. 
Kov.'Cver, the same incoirect response 
van result from great differences in 
strdents' generaJ background, available 
knowledge about the domain, or skill at 
problem-solving 

A "smart tutor" attempts to provide a 
deeper level of assistance to the student 
by determining the specific basis for 
the wrong answer. This process of 
modeling liie "cognitive state" of the 
student is amoiij^st the most difficult 
confronting the development of ICAI 
programs. 

Our approach to student modeling in 
our simulation tutor, one with general 
applicability, is based on a concept map 
of the rele ^ant dom,^in and an experi- 



mentally derived catalog of student 
"bugs". Predictions for a minimum of 
seven parameters are available as each 
experiment is carried ouL Particular 
patterns of errors then allow the mod- 
eler to pick from the list of "bugs" the 
most probable source of the students' 
incorrect responses. For example, Ci « 
rors ifi predicting the changes that will 
occur in CC, HR, and TPR and the fail- 
ure to have entered these predictions 
sequentially suggests that the student 
does not understand the common neural 
control of tliese parameters. With such 
information available to the "tutor", the 
most helpful intervention can then be 
selected. 

SUMMARY 

The development of sophisticated tu- 
toring programs, programs able to tailor 
their interactions with the student to 
meet the students' specific needs, will 
go a long way towards overcoming 
many of the limitations of current CAL 
There is much to be learned from tlie 
fields of artificial intelligence and cog- 
nitive science that is relevant to this ef- 
fort, even if the te<;hnical resources to 
implement these ideas are unavailable. 
It is ultimately the ideas that a . most 
relevant, not fjie use of any particular 
AI programmir:g language or AI work 
station. 
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simulation software in life science 

education. 5:65-71 
Cooper, Elizabeth H. Simulated 

experiments in biology classes. 

3:57-59 

Coyne, Mary D. Substitution of Apple 
computers for storage oscilloscopes 
and polygraphs. 2:81-86 

Craig, James F. From computerless to 
computer literate thirough resource 
sharing. 4:89-91 

Crovello, Theodore J. Computers in 
biology education: Formal 
coursework at Notre Dame. 1 :4446 

Eckblad, James W. Experimental 
data simulations in biology. 4:60-63 

Eckblad, James W. TliC transfer of 
video images to microcomputers. 
2:78-79 

Eckblad, James W, Transferring 

BASIC programs from the Apple II to 

the IBM-PC. 3:49-52 
Erdman, Susan A student's view of 

computer-based curriculum 

innovations. 5:75-76 
Evens, Martha see Michael, Joel A. 

Feiner, Stephen A, 

see Peterson, Nils S. 
Fine, James S. Adaptation of 

interactive videodisc in medical 

education. 4:12-15 
Ford, Richard T Computer assisted 

instruction ^br tefc.^ning dental 

treatment planning. 4:81-84 

Giles, Roh^ri H. Uses of micro- 
computers in systems ecology and 
w Ife management instruction. 
4:y-12 

Gordon, Albert see Kastella, Ken 
Gordon, Michael 

see Heckman, James 
Graham, Michael M. 

"iee Modell, Harold I. 



Graham, Stephen N. Tools for 
creating lessons on a computer. 2:1-5 

Halsey, Eric Video signals and 

devices in interactive video systems. 

3:12-15 
Haque, Mohammed 

see Michael, Joel A. 
Harless, William G. Technology in 

medical education - £ case study 

approach. 2:92-94 
Harris, Michael 

see Heckman, James 
Heard, Barbara K. 

see Heard, John, Jr. 
Heard, John, Jr. Video-based 

instruction as an enhanccnricnt to 

computer learning. 2:43-45 
Heckman, James The use of 

computer animations during lectures 

in physiology. 4:"3-76 
Heckman, James see Wang, Michael 
Heidcamp, William H. Computers 

and undergraduate comparative 

physiology. 1:54-55 
Holliday, Charles W. Using 

"Human," a comprehensive 

physiological model, in tcachii g 

undergraduate physiology courses. 

2:41-43 

Jelemensky, Linda Craife Nursing 

education and microcomputers: 

Factors to consider. 2:67-71 
Jensh, Ronald P. Use of computer 

assisted instruction - interactive video 

in basic medical education. 4:65-68 
Johnson, Beth A, A survey of 

medical/health science interactive 

instructional materials. 2:49-56 
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success of CAI programs. 2:61-63 
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instruction. 3:59-62 



0742.3233/88/50.00 + 2.00 © 1988 BY NATIONAL RESOURCE FOi. COMPUTERS IN UFE SQENCE EDUCATION 



ERJC ,92 



92 



COMPUTERS IN LIFE SCIfiNCE EDUCATION. V0DJME5. NUMBER 12. DECEMBER 1988 



Kabo, J. Michael Computer 

reconstruction of a human arm from 
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Kastella, Ken Use of electronic 
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a remote site. 4:33-35 
Kiel, J.W. A graphic computer 
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.see Stull, Richard E. 
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Kolitsky, Michael A. Apple //e 

mediated workstations in the 
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Some design issues. 3:73-76 
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3:19-22 

Michael, Joel A. see Rovick, Allen A. 
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Moore, John F. An entry-level 
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analog-digital interface: A tutorial, 
3:89-93 

Parsons, Robert see Meyers, Poy S. 
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Stull, Richard E. Projecting computer 
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Wang, Michael Computer-based 
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Wang, Michael B. 
see Hcckman, James 

Washington, Dany J. Designing 
computer assisted instruction 
materials for remedial freshman 
biology curriculum 2:17-22 

Westmoreland, Nelson A graphics 



oriented database for anatomy and 

physiology. 4:54-56 
Woods, James W. Letter to the editor: 

Comment on PILOT. 3:55 
Woods, James W. Optical videodiscs 
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education. 1:25-28 
Wooley-McKay, Dorothy HyperCard 

-What is it? 5:33-34 
Wooley-McKay, Dorothy Planning 

and developing a microcomputer 



laboratory for use in a community 
college biology curriculum. 3:67-68 
WooIey-McKay, Dorothy Use of 
computer tutorials in community 
college human anatomy and 
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Yoder, Marianne E. Synl? x differ- 
ences between SuperPlLO" and 
PC PILOT. 4:20-22 
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Affective education 2:9-11 
Analog-to-digital conversion 

3:89-93,4:28-30, 5:26 
Anatomy 1:36,3:65-67,4:54-56, 

4:65-68 

of arm 2:14-16 
Animal behavJor data simulation 
4:61 

Animation 2:47,4:73-76 
Annual repoi i, NRCLSE 5:9-10 
Apple PILOT 3:38 
Apple II, IBM-PC program 
conversion 3:49-52 
Apple //e gameport 5:26 
Apple //e workstations 5:25-28 
Appleroft BASIC 3:50-51 
Arm, anatomy of 2:14-16 
Artificial intelligence 3:19-22 

information sources 3:22 
Afcultation 1:49 
Authoring systems 5:81-8^ 
Axon 

action potential model 2:26-29 
simulation of 1:5 

BASIC, transferring programs 3:49-52 
BASICA 3:50-51 
Basic science 

computer simulations and 1:14 
Biological systems, simulation of 

1:11-14 
Biology 1:44,4:60-63 

microcomputer laboratory for 
3:67-68 

remedial education in 2:17-22 
simulated experiments in 3:57-59 
workstations in 2:81-82 
Bulletin board 1:70-71, 2:39, 3:6, 
3:30-31,3:79, 4:78, 5:61-63 



Carbon dioxide transport 1:58 
Cardiovascular sirouiaiions i:5, 
4:49-53 

Cardiovascular physiology 4:28, 

4:49-53, 4:54-55, 4:73-76, 5:5-6, 

5:49-55, 5:86 
Case studies 2:92-94 
Classroom use of computers 1:1-3 
Clinical case tutorials 4:25-27 
Clinical medicine* using computer 

aided instructir .or 3:59-62 
Clinical simulations 1:14 
CLSE colleague directory 3:81-87, 

4:1-8, 4:15, 5:ii-15, 5:17-23, 5:29-32 
Color 2:47 

Communication system 4:17-20 
Computer-assisted instruction 
5:86-88 

for anatomical science education 
3:65-67 

in clinical medicine teaching 3:59-62 
for dental treatment p' ming 4:81-84 
drivers in 2:86-87 

in family practice curriculum 3:17-19 

graphics in 2:45-47 

in nursing 2:67-71 

in remedial biology 2:17-22 

success of 2:61-63, 2:65-67 

videodiscs in 2:4S 45, 2:73-76, 
2:92-94, 4:65-68 
Computer-assisted learning 

languages 5:36-39 
Computer lesson, structure of 1:6 
Computer literacy 4:89-91 

effective teaching of 2:9-1 1 
COMPUTERSCOPE 2:81-86 
Conferpnces/teaching in, 1:4, 1:60 
Copyright 2:57-59.^ 
Cosi-effecti^ness of CAI 1:66 



Courseware 
available 2:23-24, 2:49-56 
copyright of 2:57-59 
creation of 2:%7 
evaluation of 2:11-14 
remedial 2:17-22 

Data acquisition 1:19, 1:54 
Data simulations 4:60-63 
Database 

graphics oriented 4:54-56 

laboratory 5:3-4 
Database services 1:42 
Debuggy, smart tutor program 3:20-21 
Dental education 4:81-84; 4:89-91 
Dental treatment planning 4:81-84 
Diagnosis 

game 5:5-8 

simulated 1:15 
Diagnostic practice 5:5-8 
Diagnostic problems 5:5-8 
Differential diagnosis process, 

computer program for teaching 

3:52-55 

Digital image processors 2:77-79 
Dig tal-to-analog conversion 3:91 
Direct memory access 3:92 
Discourse 4:17-20 
Drills 1:54 
Drivers 2:86-87 

Ecology 4:9-12, 4:61 
Education 

anatomical science 3:65-67 
basic science 3:25-27 
continuing medical 3:27-30 
grade analysis software 3:63 
medical 4:12-15,4:65-68 
test generator software 3:63 
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veterinary medical 3:33-36 
Electrohome projection monitor 
1:18 

Electronic blackboard 4:33-35 
Evaluation 

of authoring systems 5:81-85 

of software 5:73-75 
Examinations 1:39 

drivers and 2:86-87 

in remedial biology 2:20-21 
Experiments 

interfacing with 2:59-61 

simulations of 2:76-77 
Expert systems 5:41-44 
EXSYS 5:43-44 

Family practice 3:17-19 
Fault games 5:5-8 
Filevision 4:54-56 
Junction generators, use in 
simulations 3:44-45 

Genetics, simulation 3:58-59 
Graphics 

dissociation curves and 1:58 

from HUMAN model 2:30-32 

in radiology 1:30 

oriented database 4:54-56 

slides and 1:33 
Group instruction 1:4-6,1:9-11, 

1:17-19,1:29-32,1:33-36, 1:57-62, 

2:35-38, 2:92-94, 4:17-20, 4:33-35, 

4:73-76 

Hardware 

access lo 2:33-35 
. forarn anatomy 2:14-16 

autho. .ng systems and 2:6 

for interfacing 2:61 

for oscilloscope substitution 2:81-82 

for physiology lab 1:20 
Health care 1:65 
Health Education Nefw-rk 2:89 
Hematology, videodisc 4:12-15 
Hemolysis 5:26-27 
Hodgkin-Huxley 

model 2:26-29 

squid axon simulation 1:5 
HUMAN model 2:29-32, 2:41-43 
HyperCard 5:33-34 
Hypertext 5:33-34 

IBM-PC, Apple H progrf^m 

conversion 3:49-52 
Immunology i:39 
Input-output design 1:57 
Information systems 3:33-36 



Intelligent computer-aided 
instruction aCAI) 5:86-88 

Interactive video 
approach to program development 
3:9-12 

conversion of videotape 3:27-30 

in hematology 4:12-15 

in medical education 4:65-68 

signal processing 3:12-15 
Interactive video system 1:49 
Interface, photosensitive 5:25-28 
Interfacing 2:59-61 

laboratory/lecture 3:67-68 

Janus, interface between laboratory 
and lecture 3:67-68 

Keeping Abreast of the Literature 
1:23-24, 1:47, 1:69-70, 2:22-23, 2:48, 
2:71-72, 2:94-95» 3;22-2'^, 3:46-47. 
3:70-71, 3:93-94, 4:23, 4:47, 4:69-71, 
4:93-94, 5:23, 5:47-48, 5:76, 5:89-90 

Laboratories, lessons from 5:5-8 
Laboratory 

data acquisition in 1:19, 5:2-3 

exercises 4:25-30, 4:49-53, 4:57-60, 
4:60-63 

microcomputer 3:67-68 

phj-^JoIogy 5:25-28 

photosensitive interface in 5:25-28 

simulated microbiology 3:57-59 
Laboratory/lecture interface 3:67-68 
Languages 4:14,4:20-22 

authoring 2:3-4 

graphic simulation, 7 49-56, 9:65-71 
Learning center 4:89-91 
Lectures, computer use in 1:9,1:59, 

4:73-78 

Liquid crystal display projectors 
4:76-77 
Lung sounds 1:49 

Macintosh 4:54-56, 5:33-35, 5:49-56, 

5:65-71,5:75-76 
Msci>ILOT 3:38-39 
Magnetic resonance imaging 1:29 
Mastery oriented teaching unit 

3:66-67 
Mathematical models 1:13 
MENTOR, program to teach 

differendal diagnosis process 3:52-55 
Microbiology, simulated laboratory in 

3:57-59,4:28 
Microbiology-Immunology Test Item 

bank 1:39 
Microcomputer center 3:76-79 



Microcomputer laboratory 3:67-68 
Microcomputers 

interfacing to 2:59-61 

in nursing 2:67-71 

simulations on 2:35-38 

video images on 2:77-79 
Models, see also simuladons 

HUMAN 2:29-32,2:41-43 

nerve 2:26-29, 2:82-85 

pulse pressure 5:51-54 

structure of 1:13 

TIME 2:92-94 
Multiple choice questions 1:15, 2:62, 

2:86-87 
Multiuser system 1:20 
Muscle physiology 4:57-60, 4:73-76, 

4:85 

National Resource for Computers in 

Life Science Education 2:91, 3:1-5 

annual report 5:9-10 

software evaluation program 5:73-75 

questionnaire 3:7,4:87 
Nerve conduction velocity 2:82-85 
Networking, national 1:41 
Neuroscience Software Project 1:9 
NRCLSE see National Resource for 

Computers in Life Science Educadon 
Nuclear medicine 4:26-27, 5:57-60 
Nursing 1:67, 2:67-71 

skills simulation ^:26-27 

Optical videodiscs 1:25 
Oscilloscopes 2:81-82 
Osmotic pressure 1:34 
Oxygen transport 1:58 

Pathology 4:12-15,4:65-68 
Patient simulation 2:92-94 
PC/PILOT 3:38 
Peer critique 4:68-69,4:91-92, 
5:73-75 

Peer review 4:68-69,4:91-92 

Photosynthesis 5:3 

Physiology 1:4, 1:36,4:27-30, 
4:54-56,4:61,4:73-76 
cardiovascular 4:49-53, 5:5-6, 

5:50-56, 5:86 
comparative 1:54 

HUMAN model of 2:29-32, 2:41-43 
laboratory data acquisdon and 1:19 
ma^cle 4:57-60, 5:27 
plant 5:1-4 

respiratory 4:28, 5:6-8, 5:27-28 
simulations 5:49-56 
undergraduate 5:25-28 
Pictures, storage of i:26 
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PILOT 3:36-39, 3:55, 4:20-22 
sources of information 3:39 

Plant physiology 5:1-4 

Polygraphs 2:81-86 

Problem sets 1:2 

PRODUCER 4:14 

Programmed learning material 1:2 

Programs, ^ee a/jd? software 
guidelines for 1:22 
preparation time for 1:35 

Projecf'on mcnitors 1:17,4:76-77 

Puke pressure, model 5:51-54 

Radiology 1:29 

Red blood cell hemolysis 5:26-27 
Remedial education, in biology 
2:17-22 

Renal glomerular circulation 1:34 
Respiratory physiology 4:28, 5:6-8, 
5:27-28 

Simulation 1:2,2:62,4:25-30 
approaches for teaching 3:41-45 
approaches in designing 3:74 
as a substitute for labs 3:59 
biological systems 1:11-14 
biology experiments 3:57-59, 
4:60-63 

cardiovascular system 3:62-63, 

4:49-53 
clinical 1:14 
design issues 3:73-76 
of experiments 2:76-77,4:57-60, 

4:60-63 

laboratory 5:57-60 
language 5:49-56,5:65-71 
as lecture aids 2:35-38 



in microbiology 3:57-59 

of muscle 4:57-60 

nursing skills 4:26-27 

patient 2:92-94, 3:63 

physiology 3:62-63 

respiratory system 3:4,4:28 

wildlife management 5:66-70 
Slides, graphics in lieu of 1:33 
Smart tutors 3:19-22, 5:86-88 
Software 1:62 

authoring systems 5:81-^5 

available 2:23-24,2:4: j6, 4:36-39, 
4:41-45, 5:35-39, 5:45-46 

copyright of ::57-59 

creation of 2:1-7 

evaluation forms 5:77-79 

evaluaUon of 1 : 5 1 , 2: 1 1 - 14, 2:70-7 1 , 
4:68-69, 4:91-92 

evaluation program 5:73-75 

expert systems 5:43-44 

graphics 1:30 

HyperCard 5:33-34 

interfacing and 2:60-61 

LabView 5:49-56 

peer critique of 5:73-75 

for physiology lab 1:21 

simulation 5:49-56, 5:57-60» 5:65-71 

sources of 2:23-24, 3:62-63, 4:36-39, 
4:41-45, 5:39, 5:46-t7, 5:49, 5:56 

STELLA 5:65-71 
Sony projection monitor 1:18 
Sophie, smart tutor 3:21 
Sound in instruction 1:50 
STELLA simulation software 

5:65-71 

Student laboratories 4:25-30, 
4:49-53,4:57-60,4:60-63 



Students 2:66-67 
affective teaching of 2:9-1 1 
interactions with 2:13 
view of computer-based curriculum 
5:75-76 

SuperPiLOT 3:38, 4: 14, 4:20-22 
Systems ecology 4:9-12 

Tabular data 1:60 
Teaching at a remote site 4:33-35 
Telecommunications .:42 
Teleconferencing 4:33-35 
TIME project 2:92-9^ 
Tutorials, in basic sc.ence education 
3:25-27 



Veterinary curriculum 5:75-76 
Video signals and devic*^ 3:12-15 

composite signals 3: 14-15 

RGB signals^3:15 
>7ideo worVsta^.'-n. 4:65-68 
Videocam*- ^n, with interactive 

videotape 3:29 
Videodisc 1:25,2:43-45,2:92 

devc opment ^:13-14 

generic z:/3-7n 

hardware selection 4:14, 4:65-68 

language selection 4:14 
Videotape 

conversion 3:27-30 

use with interactive video 3:5-12 
Voltage clamping 1:5 

Well counter simulation 5:57-60 
Wildlife management 4:20-22, 
5:66-70 
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AIMS AND SCOPE The goal of Computers in Life Sci snce Education is to provide a means of communication 
among life science educators who anticipate or are currently employing the computer as an 
educational tool. The range of cont^»,nt includes, but is not limited to, articles focusing on 
computer applications and their underlying philosophy, reports on faculty/student 
experiences with computers in teaching environments, and software/hardware reviews in 

both basic science and clinical education settings. 



INVITATION TO CONTRIBUTORS Articles consistent with the goals of Computers in Life Science Education are invited for 

possible publication in the newsletter. 

PREPARATION AND SUBMISSION OF MATERIAL 

Articles submitted for publication should not exceed 2000 words and should be typewritten, 
double spaced, with wide margins. The original and two copies including two sets of figures 
and tables should be sent to the Editor: Dr. Harold Modell. NRCLSE, Mail Slop RC-70, 
University of Wa5hington, Seattle, WA 98195. 

Title page should include full title, list of authors, academic or professional affiliations, and 
complete address and phone number of the corresponding author. 

Illustrations should be submitted as original drawings in India ink or sharp, unmounted 
photographs on glossy paper. The lettering should be such that it can be legible after 
reduction (width of one column = 5.7 cm). 

Reference style and form should follow the "number system with references alphabetized" 
described in the Co incil of Biology Editors Style Manual. References should be listed in 
alphabetical order by the first author's last name, numbered consecutively, and cited in the 
text by these numbers. 

RESPONSIBILITY AND COP VRIGIIT 

Authors are responsible for accuracy of statements and opinions expressed in articles. All 
authors submitting manuscripts will be sent a copyright transfer fonn to complete. The 
completed form must be returned before the work will be published. 



SUBSCRIPTION INFORMATION Computers in Life Science Education is published monthly by National Resource for 

Computers in Life Science Education, Mail Stop RC-70, University of Washington, Seattle, 
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